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'I  HI  J',  lur'-,  loi  ulu.h  I  .un  i.'i.NliK  .1  to  Mi-^  I).  I'i  Irrs  nn  1 
Mr.  A.  K.  M.ixwr.l,  shjws  ilic  i  ii^l.Ihiii  in  liir  patitiit  rt-rfrrt-.l 
lu  '1!.    pri.;r    i  i  :. 

■|  h'-  I  .!•  um  h;i'-  pfjlaip'i'il  i'ir.'ii;;!i  tlif:  wciiiml  in  tin-  al'il.iminni 
w.iil,  aii'l  is  tiinifil  ui>i'>-  out  tn  -.ii  w  ihr  nun  csa.  I'lMnalli  tlir 
tjiiti  u.ill  ■!  itic  1  Xi  um.  tin.'  L  i.U  i)f -iiKill  iMtcilinr  are  sei'n  IjuliM'.^, 
in   in'  •■s^aiit   pfri-^taUis. 

Tlie  r  )ii^li  sk'-ii  li  at  tin:  top  s!i,,rts  tlir  position  .'f  l!ie  swi-liint; 
(jii  the*  alnlontiii.il    w.ill. 

In  till-  iippi  r  i.'duirc.l  pirtiint  itir  spliiiictcr  is  ijiiirvLcnt,  1  e- 
Hifin   mr.ils.     Noti.e  ihr  ( otitracted  raisrd  niusciilar  tiiiK. 

'1  lie  lowiT  pi.  tiiri:  sliows  ttu-  spliimter  l>ii;«  rrl.ixeii,  ami  one 
of  till-  inttTiiiiiti-ni  ;;tislie.s  ul'  lliiiti  ileal  tuiilmts  jji  iiring  tl.roin;li, 
ten  minutes  at'lci   .i   ine.il. 
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rKlCFACK    TO     FOUmH    ILDITION 


Ti!i:  1.  -t  <'iiitio!i  W.I-  iml)Ii-h'il  jn-t  b-f'Tf  \\\<-  w.ir. 

Nrr.lli--.   Ill   S.IV   \vr   ll.lVr   l.Mnifil   .1   ^'I'Mt   <!■    il   ill    til'- 

]>,i>t  \\v  \-r.>.v>.  Iv-inh  ill  ]n\u'  |»!iy>i"!"  v  nul 
its  ;;]'])lir::tiiiiis  t'>  ill''  cUiiicil  srini.'i's  hi-,  f  Ib'tl 
pniin]Mllv  into  tli''  Iimi^U  of  tlir  \nvri.Miw.  w'uUt 
the  lliiti-h  iiiVi-tiMtois  li  iw  il.'VMtf<l  tlpiu-rlvcs 
.•.~,m.mHv  to  ].rol)!.'iii-;  .iri-i.M.,'  out  of  tii-  vi.itcri.il 
;,n-.iit-.i  1-v  th.'  wouinl"!  i:i  tli'-  'amt.  \'\h-  i.-nlt-^ 
•  if  studv,  ol'-rrvatioii,  .in<l  (Xii'Timriit  alo;  ;  i)utli 
;h,,M  line-  aP-  li.Tc  :•  itli-iv.l  to-rtlivr.  Mu^  li  ol 
th.'  liook  i-'  iii-w,  i)ut  th.'  ol)jrct-  and  Hni.  ■  ivm.iiii 
.1-  ill  thi'  ])nfa(H'  to  th'  ori-iii.il  edition.  To  inikc 
way    for    .i.Mitioiial    inalriiil    (  on  i.l.T.ibli'    -.rtions 

h.!\f   IX'.Il    (Itlrtr.l   alto^vtllt  r. 

Th-  tlnpttrs  on  food  djliid'Hty  (h-'iv,,  the 
bloo.l  and  ^]>lr:\,  sur;i«al  >hnrk,  thr  spinal  rord, 
and  th"  fr.nctions  of  the  lort-x,  h  ivc  l)'>n  iv-wriltfu 
alnior;t  in  tli.'ir  ontin  tv.  A  n^w  (  ha])t t  on  tlie 
heart  lias  br.'n  c-iitiibuted  by  my  (dll'ML;u.s  Dr. 
Can  y  Cooir.l^  and  Dr.  C.  ll.  K.  Ilrrapith,  to  whom 
I  am  i^iccitb.-  indebted  for  tiii-  -••rvi-e.  'lliere  arc 
con^ide^addc  ad.iiti.'n-  t..  the  .  hapter  on  (hi;e~ti(m. 
antl  1>-^  inrportant  <h  in:,'e>  in  nearly  all  the  other 
part^  of  the  book.     Very  little   i-.  Kit   of   the   tirst 

edition,  published  in  i<jii. 

A.  R.  S. 

Fcbruurw    I'-'JO. 
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I'R!:FACF    to    \'\li<V    i-ditiox 

Thkse  th.ipUTS  arc  intciuU'd  for  thf  j^'ciu-ral  practi- 
tioner, the  consultini,'  sur^'<'ori,  and  randidatcs  for 
tlit>  liif^'her  examinations  in  physi()Io{,'y. 

There  was  a  time  wlien  one  man  tonhl  be  j>hvsif)- 
logist  and  surgeon  too,  but  the  raj>id  march  of 
progress  in  e.ich  fielil  has  left  a  great  gap  between 
the  sciences,  which  is  contimially  widening.  The 
triumj'hs  of  the  surgeon  are  unknown  to  the  physio- 
logist, and  the  converse  is  equally  true.  Vet  many 
of  the  discoveries  of  the  j)ast  ten  years  which  have  so 
changed  the  face  of  physiologv  are  fraught  with  vast 
possibilities  for  the  clinician.  This  book  is  an  attempt 
to  sift  out  from  the  New  Physiology  that  which  is 
likelv  U)  be  of  value  in  the  actual  diagnosis  antl 
treatment  of  patients. 

It  would  be  a  small  service  to  lay  before  the 
practical  reader  mere  theories  or  guess-work.  With 
but  few  exceptions,  only  the  established  and  settled 
conclusions  arrived  at  by  many  competent  and 
independent  workers  have  been  introduced.  Part 
of  the  chapter  on  cutaneous  ana-sthetius.  and  a  few 
other  researches  and  passing  suggestions  for  which 
the  author  is  personally  responsible,  must  stand  in 
a  different  category. 


/r^'J' 


'\^V^  ^^VrC^r'^^'  'iS 


^:^if,irji^m, 


VIU 


rifKFAci.: 


An  effort  has  been  made  to  pxi>lain  matters  so 
simply  that  they  n^iy  be  intelhgible  to  tiiose  having 
t]ie  nu,st  eleiuentary  knowledge  of  pliysiolo-v,  and 
all  technical  terms  have  Inrn  avoided  or  dehued. 

There  are  e.x.rlknt  manuals  now  published 
tl-fciting  of  the  ai.i.lie..ii,,n  of  physiology  to  .iismsf-s 
\viiich  eoneern  prin.iiMllv  the  consulting  ].hv.,ician. 
This  little  bonk  limits  itself  to  surgical  proI^Kuis,  and 
to    the   common    <  very-day    asp.rts   of   (hse;ise  '  that 


confront    us    all,    i  iivsie 


laiis,    surgeons,    and   general 


I'ractiiiMncrs  alike. 

I  "We  a  d.l.t  r.f  thanks  to  my  chief,  Prof.ssor 
A.  F.  Stanl..^-  l^nt,  f,,r  so;ue  valuable  suggestions 
and  criticisms. 


BUISTOI., 


.\.  R.  S. 
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Suvpical  and  General  Practice. 
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CHAPTER   I. 
FOOD     DEFICIENCY     DISEASES. 

CARBOHYDRATE.    PROTEIN,    AND    FAT   DEFICIENCIES— NEURITIS 
—  GROWTH  —  5'   wRVY — RICKETS. 

THIS  chapter  is  not  a  discourse  on  the  phenomena 
of  starvation.  It  rather  aims  at  setting  forth 
the  consequences  that  may  be  expected  when  some 
une  more  or  less  essential  ingredient  of  the  food  is 
omitted  from  ihe  dietary. 

In  the  Report  of  a  Committee  of  the  Royal  Society 
on  the  "  Food  Requirements  of  Man",  issued  in 
1919,  it  is  observed  that  as  a  general  rule  the  brain 
worker  reouires  from  2200  to  2600  calories  as  the 
energy  value  in  heat  units  of  his  daily  food,  whereas 
the  labourer  needs  3300  ;  but  in  the  case  of  the 
brain  worker  the  food  will  need  to  be  lighter,  more 
digestible,  and  to  contain  more  protein,  so  that  it 
will  cost  more  in  proportion. 

There   is   not   much   that   is    new   to   be   related 

concerning  the  ill-effects  of  carbohydrate  starvation. 

Except  as  a  therapeutic  measure,  it  seldom  occurs. 

1 
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It  leads  to  loss  of  llcsh,  as  in  \hv  well-known  systems 
of  dietinf<  for  obesity,  and  to  an  increase  in  the 
formation  of  /3-oxybutyric  and  diacctic  acids  in  the 
blood. 

Chittenden's  work  at  Yale  I'nivtisity  showed  that 
\t  is  possible  to  maintain  life,  and  a})])arently  both 
mental  and  ])hysical  efficiency,  on  a  diet  cuntaininjL; 
less  than  half  the  anionnt  of  protein  alloweil  in  the 
standard  dietaries.  Hindhede,  of  Co]),  nhaf;en,  by 
supplying,'  an  amplc^  total  calorit^  value  of  food  (4000 
calories  per  day),  was  able  to  maintain  his  laboratory 
attendant  in  health  for  150  days  on  a  diet  of  nothing 
but  potatoes,  marijarine,  and  onions,  containing  only 
4-425  grms.  of  nitrogen  a  day.  It  is  very  doubtful, 
however,  whether  the  results  would  be  sati>factory 
over  a  longtT  time.  It  has  been  demonstrated  that 
the  mental  and  physical  efficiency  of  the  various  races 
of  India,  many  of  whom  live  very  near  the  protein- 
starvation  level,  varies  directly  with  the  protein 
allowance  in  their  dietary.  The  Royal  Society 
Committee  report  that  the  diet  of  the  average  man 
should  contain  not  less  than  70  to  cSo  grms.  of 
protein  daily,  and  that  some  of  it  should  be  of 
animal  origin. 

A  colossal  experiment  in  fat-starvation  has  been 
carried  out  on  the  population  of  Germany  and  the 
other  Central  European  states.  So  far  the  informa- 
tion which  has  come  through  is  too  scanty  to  build 
much  upon.  W'e  havQ  heard  of  a  high  infantile 
mortality,  of  general  loss  of  flesh,  of  bodily  and 
mental  toqwr,  of  increased  liability  to  tuberculosis, 
and  so  on.     As  might  be  expected,  it  is  reported  (by 
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iiK'diral  m('mb(r>  of  ;i  (ommission  of  the  Sixioty  of 
l"rkn(l>)  th;it  ritkrls  has  brtomc  a  wkk'spivad 
s(()urt,'(>  amon.u^t  (jiTinan  infant>.  Tlu'  only  new 
fat-ilfficirncy  disease  I  have  been  able  to  ^vt  any 
accf.iint  of  is  a  chnnk  affection  of  the  conjunctiva' 
in  infants  (xerophtha,  •  i)  reported  from  Denmark 
and  elMwlu're.  There  seems  to  be  a  close  relation 
betwei'n  the  assimilation  of  fat  and  the  capacity 
fur  bodily  work.  "  \N'here  vigorous  muscular 
( xercise  has  to  be  undertaken,  it  is  essential  that 
tht>  diet  should  contain  not  less  than  2=,  per  cent 
of  its  eneri,'y  in  the  form  of  fat  ". 

NEURITIS. 

For  j^'enerations  it  has  been  a  fundamental  axiom 
of  dit-tetic-  that  a  proper  food  allowance  should 
contain  proteins,  carbohydrates,  fats,  salts,  and 
water.  Tables,  such  as  Kanke's,  have  been  drawn 
up  and  copied  from  book  to  book,  setting  forth  the 
proper  proportions  of  each  to  maint'du  health. 
During  the  past  six  or  seven  years,  however,  im- 
portant evidence  has  been  adduced  to  show  that 
these  live  proximate  principles  by  themselves  are 
inadequate,  and  that  a  mysterious  something  more 
is  necessary. 

One  of  the  first  reforms  leading  up  to  the  marvellous 
emancipation  of  modern  Japan  from  her  mediievalism 
of  half  a  century  ago  was  concerned  with  a  problem 
of  this  sort.  The  Japanese  navy  was  reduced  to 
complete  ineptitude  by  the  prevalence  of  beri-beri— 
a  form  of  peripheral  neuritis— amongst  the  crews,  as 
manv  as  a  Quarter  of  the  men  being  afflicted.     Baron 


^:m 


4  FOOD    DEFICIENCV     DISEASES 

Takaki.  lately  returned  t..  his  own  country  after  a 
study  of  modern  medicine,  found  that  the  dietary 
was  very  imperfect,  and  instituted  an  improved 
ration  with  complete  success.     Beri-heri  was  until 

T!^"*'^,c^*''""^^''  ''°"'^'^  ''^"^^'"fe'^t  the  inhabitants 
of  the  Malay  States;  was  often  seen  in  coolies  at 
Ln^hsh  seaports  ;  and  has  bn.Ken  out  in  an  asylum 
in  Dublin.  Improvinf;:  the  quantity  of  food  in  the 
prisons  of  the  Straits  Settlen.ents  failed  to  limit  the 
disease. 

The  outstanding  feature  of  the  incidence  of  beri- 
beri m  the  Straits  was.  that  while  the  Tamils  were 
exempt,  the  Chinese  suffered  severely.     Rice  is  the 
mam  article  of  diet  with  both  races,  but  with  this 
difference,  ♦hat  whereas  the  Tamils  store  their  rice 
and  boil  it  in  husk,  the  Chinese  use  husked  white 
nee  such  as  we  are  accustomed  to  in  this  country 
though,  of  course,  with  us  rice  is  a  very  much  less 
important  item  in  the  daily  dietary.     The  Chinese 
are  extremely  prone  to  beri-beri  ;    the  Tamils  very 
seldom  suffer.     This  cannot   be  due  to   any   racial 
peculiarity,   because  Tamils   in   prison    and   fed   on 
husked  nee  are  just  cs  liable  as  the  Chinese. 

The  explanation  originally  given  was  that  the 
bare  nee  gram  had  become  contaminated  in  some 
way  ;  but  recent  experiments  by  Casimir  Funk  and 
others  bring  out  another  aspect  of  the  case  It  is 
possible  in  pigeons  to  produce  a  peripheral  neuritis 
closely  resembling  beri-beri  by  feeding  exclusively 
on  po  ished  rice,  and  when  small  quantities  of  husk 
are  added  the  birds  rapidly  recover.  The  essential 
constituent  of  the  husk  which  has  this  effect  is  only 
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present  in  small  quantity,  but  it  can  be  isolated  in 
crystalline  form,  and  on  analysis  appears  to  belon)^ 
to  the  pyrimidine  f,'roup.  It  is  not  the  coarse 
fibrous  husk  that  contains  so  much  of  the  anti- 
neuritic  substance,  but  the  thin  film  or  '  silver  skin  ' 
just  coverinf(  the  grain,  wherein  also  lies  the  embryo. 
Wheat  embryo,  wheat  bran,  yeast,  and  egg  yolk 
also  contain  fair  quantities  of  this  clement  ;  milk 
and  meat  only  hold  traces.  From  loo  kilos  of  yeast 
2*5  grms.  of  the  crystals  were  obtained. 

There  is  clinical  evidence  in  support  of  this  experi- 
mental work.  Research  in  the  Philippines  has  shown 
that  the  infant  of  a  mother  fed  on  polished  rice  is 
likely  to  develop  beri-beri,  but  that  it  is  rapidly  cured 
either  by  fresh  cow's  mill:  or  by  an  extract  of  rice- 
husk.  The  substitution  of  parboiled  for  polished 
rice  in  a  Siam  prison  has  brought  down  the  death- 
rate  from  113  to  nil. 

McCarrison  shows  that  it  is  not  only  the  nerves 
that  are  affected  by  a  diet  restricted  to  polished 
rice.  The  thymus,  testes,  ovaries,  and  spleen  all 
atrophy,  and  in  a  less  degree  the  pancnas,  heart, 
liver,  and  kidney.  The  suprarenals,  on  the  other 
hand,  become  hypertrophied,  and  there  is  usually 
ccdema,  which  seems  to  run  parallel  to  the  degree  of 
enlargement  of  the  suprarenals.  Doubtless  this 
accounts  for  the  '  wet '  form  of  beri-beri,  and 
perhaps  for  '  war  oedema '  amongst  prisoners  in 
Germany. 

GROWTH, 

The  principle  having  been  once  p'ltablished  that  a 
dietary  to  maintain  health  must  contain,  in  addition 
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to  tl)e  five  urll-kncwn  d.m.-nts-j,n,t.ins.  rarbo- 
hydratcs,  fats,  salts,  and  watcr-tracrs  .,f  <,thor  so- 
ar unnTognizc-d  rhrmioals,  a  n(.w  tuld  is  opened 
for  exploration,  and  several  diseases  ec-me  up  for  a 
similar  explanation.  Tlu-  new  rh.rniral  bodies  which 
appear  to  be  thus  needful  arc-  called  '  vitamines  ' 

Hopkins  has  lately  shown  that  something'  of  the 
sort  IS  necessary  for  ordinary  growth.     Yount,'  rats 
^^d  on  punhed  protein,  carbohydrate,  fat,  salts,  and 
water,  absolutely  cease  to  f^row,  even  if  the  quantity 
supplied  IS  correct.     If  the  experiment  is  prolon^^ed 
the  animals  die.     If  only  a  teaspoonful  of  milk  is: 
Mipphed  daily,  f^^rowth   becomes  normal.     V\'e  now 
know  that  tuo  vitamines  are  necessary  for  growth  • 
one  of  these  ,s  called  fat-soluble  A.  and  is  cmUaineci 
dissolved  m  the  fat  of  milk,  and  the  other  is  water- 
soJuble  B,  which  appears  to   be  identical  with  the 
antineuntic    vitamine.      Considerable    research    has 
been  done  lately  on  the  fat-soluble  A.     It  is  shown 
by  Halliburton  and  Drummond.  using  young  rats 
hat  none  of  the  vegetable  margarines  which  have 
come  mto  such  extensive  use  of  late  contain  it     It  is 
present  m  milk,  butter,  cream,  animal  fat,  and  the 
higher-pnced    (oleo-oil)    beef-fat    margarin;s.     Lard 
.ontams  httle  if  any  ;    it    has  been  spoiled  in  the 
process  of  preparation.    The  fat-soluble\-itamine  in 
mother  s  milk  is  derived  in  considerable  part  from 
cow  s  milk  or  cream  she  has  taken  as  nourishment 
rhese  observations  go  to  show  the  national  impor- 
tance   of  providing  milk    and   animal-derived    fats 
mother^    ^'"""^'    '^^^'''^    ^"d    -1^"    for    nursing 
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Even  sarcoinii-cclls  reciuire  vitamirn's,  and  if  thoy 
an-  withheld,  Jt-nscn's  rat  sarcoma  only  di'vtlops  at 
a  (iiiartcr  its  usual  rati'.  At  Komnoy  thero  are  two 
titlds,  apparently  identical,  but  the  animals  pasturing 
in  the  oni'  put  on  flesh,  and  in  the  other  they  become 
thin. 

SCURVY. 

It  has  been  known  for  centuries  that  scurvy  is  a 
deficiency  disease  ;  but  exactly  where  the  deficiency 
lies  has  always  been  uncertain.  Nowadays  it  is  very 
rare  in  adults  in  this  country,  thouj^'h  the  writer 
has  seen  one  case  affecting  a  lonely  man  who  was 
trying  to  live  on  his  old-age  pension.  .\  few  cases 
(Kcurred  in  France  during  the  war.  I  saw  one  quite 
severe  example  of  the  disease  at  a  casualty  clearing 
station.  The  man  had  been  a  long  time  in  the 
trenches,  and  had  had  no  fresh  food. 

Much  more  .monly  the  disease  is  seen  in  young 
infants  fed  upo  boiled,  stale,  or  artiticially-prepared 
milk. 

Some  most  interesting  and  important  points  have 
lately  come  to  light  with  regar'  to  scurvy.  It  should 
be  remembered  that  the  swollen  gums,  loose  teeth, 
haemorrhages  from  the  mucous  membranes  and 
beneath  the  skin  and  periosteum,  and  grave  anaemia, 
are  signs  of  an  advanced  degree  of  the  food  deficiency. 
There  are  less  characteristic  symptoms  long  before 
these  develop — lassitude,  mability  to  think  or  work, 
and  general  debility.  WTien  these  signs  appear  in 
a  body  of  men,  undeclared  scurvy  should  be  thought 
of. 

It  has  been  an  article  of  faith  for  nearly  a  century 
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that  linn-  or  k-mon-juirr,  and  frc-sh  v^'ctablrs.  ar.> 
he  nuun  pn-u-ntivTs  of  s,  urvy.  and  vet  there  hav.- 
>cen    curious    ^^,ps    in    th.    evi.lenre;      Up    to    the 

NawTl  H  ""  "'"''^■"^^''  '■"^^"^>'-  '^"^'^  ^he  Hntish 

from  r    r    '  "^^'^^'^"^''^  ^^''■^'i^-*'  »'-!  suffered  terribly 

rom  the  disease,  and  many  expeditions  were  ruined 

th  antiseorbufc  properties  of  lemons  and  fresh  fruit 
and  vegetables  were  known,  but  the  supineness  o 
he  au  hormes  was  such  that  often  no  trouble  was 
taken  o  prov.de  sailors  with  them  until  about  iHo  j. 
^hcn  the  Navy  be,.m  to  ^^et  a  regular  supply  o 
emon-juice  from  Malta.  It  was  often  called'''  iLe- 
uice  .  After  about  1S65  the  juice  of  Montserrat 
hmes  came  to  be  used  instead,  and  this  has  been  th 

iTom    Zy  '"  '^'  ^'"^  ""^  ""^'-y  ^-'-  ^in-'- 

scurvv     The""".''.  *'"^   ^^^    ^^^"    -^y    ««'« 
TuiU^'        u  "''  °^  fniit-juices  became  compulsory 

successful  Of  course,  shorter  voyages  and  better 
ood  supplies  generally  have  led  to  less  and  less  need 
to  place  rehance  on  lime-  or  lemon-juice  under 
ordmary  circumstances.  In  several  Ar  tic  expedi 
tions.  such  as  Sir  James  Ross's  in  1849.  the  lemon- 
juice  supplied  was  thoroughly  bad.  and'the  company 
uffered  severely  from  scurvy.     Thus  far  the  evidence 

when  no  f  K  "  ^''"'  ^''''''''''  ^^^'^^^'  ^^^^a^ions 
when  no  fresh  vegetables  and  no  fruit-juice  have 
been  used  for  long  periods,  but  fresh  meit  n  large 
quantity  has  been  eaten,  and  no  scurvy  has  occu  rS 

Z'^  ""r  T  "^^'"""'^  expedition  across  Green: 
land,    and   with   one   ot   the   subsidiary   parties   in 
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Sh.uklctnn's   t'xpodition 


to    the    South    Vo\v.     The 


Hudson's  H;iy  Company  people  live  almost  entirely 
on  fresh  meat  and  fish,  and  they  never  show  sij^'ns 
of  the  disease.  Yet  fresh  meat  has  failed  to  avert 
sdirvy  (as  in  the  Kaflir  rampaiik'n  of  1X46  7)  when 
plenty  of  other  food  is  taken  at  the  same  time. 
Kvidently  the  amount  of  vitamine  in  fresh  meat 
is  low,  and  unless  it  is  eaten  in  (,'reat  quantity  it 
proves  inadefjuate.  Also,  the  traditional  Army 
stew  probably  destroys  much  of  the  vitamine  by 
lone,'  cooking. 

DurinR  the  war,  doubts  have  f,'rown  up  as  to  the 
preventive  value  of  lime-juice.  This  has  led  Miss 
Alice  Henderson  Smith  to  brinR  to  li,L,'ht  many  most 
interesting  facts  about  the  history  of  the  disease  in 
the  records  of  Arctic  and  Antarctic  exploration. 
There  is  a  remarkable  contrast  between  two  expedi- 
tions, that  of  Sir  Robert  McClure  in  the  Investigator 
in  1H50,  and  that  of  the  Alert  and  the  Discovery  in 
1S75.  McClure  went  to  seek  for  Sir  John  Franklin  ; 
his  ship  was  north  of  .Maska  for  twenty-seven  months 
after  leaving  England  before  the  first  case  of  scurvy 
occurred,  in  spite  of  great  hardships  and  many 
months  on  half  rations.  In  the  Alert  and  Discovery. 
north  of  Greenland,  there  was  a  severe  outbreak  of 
scurvy  in  eleven  months,  though  on  full  rations. 
The  Alert  had  si.xty  cases  and  three  deaths  out  of  a 
company  of  122.  The  food  supply  of  the  Alert  and 
of  the  Investigator  was  practically  the  same,  except 
that  on  the  latter  lemon-juice  was  used,  and  on  the 
Alert  lime-juice.  In  each  case  the  officers  took  great 
care  to  see  that  the  juice  was  really  drunk. 
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«h..l,    sh„..s   that  Ion,,,,"™  ;  ,  ':  '•'"" '-''""e, 

■•>nt,scorbutic  power  of  lin'e   Lo      n""  '™'"'   "'= 
«<»<1  as  l,.n,o,„    „_j  ,.    ",  "  '"■     ""-angcs  are  as 

"  >!"y  nro  s,,,,kL  in",  1,  "7  "°'"''•"'"'"i■'^■■ 
">-.  spread  „u.  ,„  V™  ;,^.'V"7'>-'""r  hours, 
"ofad  :„„  ,,„„„  ,„^„^  ™  -        -T  <wo  days,  and 

antiscorbutic.  U],  „  "i"  "'^'  "^<^y  ••"■<=  Powerfully 
">i^  had  been  kn"  n  ■„  „  ""t,"  T"  '"'^  ^""^  « 
■^^Rh.  back  unused        opo.I^';-tt''  ""l'  "^"""'^'^ 

D"nn„  the  war  there  was    ,    ,  ,    "''  '"'''''  ' 

a."onsr,t  Serbian  soldie  s  in  v,  T  ''™'  "'  "-'"■•^ 
was  able  to  test  the  IhH  "  e  l  ""'  ""''  ^""^'"^^ 
J"i<-e  and  of  eer,n,n at'  T'  "''"^  "'  1™°"- 

I""  o,  scorbmi^r'  :*;'  tT:X'""''T  ^ ""« 

In  spite  of  the  fact  that  the  f  ■  ^  ''■■"'''  ""-'"'"d- 
being  fed  upon  .piXd  .  *,? '■•'''''^■"'•*"'^'^ 
were,  if  anythin,,  rather  '  '" .  "'''-apeutic  virtues 
fn.it.juice.  *•■       ^"  "">'"""■  «"  'liose  of  the 

(mils  and  ve,etaWe  a r  '  .'  "'™"'"-  banned 
»  fireat  reputttion  ^  '  L  *  ,d  V  "*'■"•  '^'^  ^ad 
beer  certainly  ).rotects  b,  i  h  '7.'  ""•'^■•'  J^^Air 
nialf  used  by  Sir  l' t  ^  '  u  '"sl>-''"'d  kilned 
-odern  brewcJ,  beei''a':e'c:rnt"v"aLr"^''''»"'  -■'^ 
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Fresh  milk  contains  the  vitaininc,  but  it  is  lost 
on  boiling  for  more  than  five  minutes.  It  disappears 
in  stale  or  dried  milk.  Probably  this  vitamine  may 
fail  at  the  end  of  prolonged  lactation,  thus  accounting; 
for  a  few  authentic  cases  of  scurvy  in  breast-fed 
babies.  In  ordinary,  sufferers  from  infantile  scurvy 
have  been  fed  on  stale,  artificial,  sterilized  foods. 
The  disease  is  rapidly  cured  by  giving;  fresh  unboiled 
milk  and  fniit-juices.  Infants  reared  on  boiled  milk 
ouf,'ht  to  have  a  little  oranfjc  or  grape-juice  (though 
this  is  not  quite  as  good)  every  few  days.  They 
like  it.  Also,  the  milk  ought  not  to  be  boiled  more 
than  a  minute.  If  no  other  source  of  vitamine  is 
supplied,  animals  have  to  be  given  a  great  deal  of 
milk  to  avert  scurvy. 

The  vitamines  that  prevent  bcri-beri  and  scurvy 
are  both  water-soluble,  but  they  are  not  identical. 
The  antineuritic  body  is  not  so  readily  destroyed  by 
heat,  and  it  keeps  better. 


RICKETS. 
Rickets  is  probably  another  deficiency  disease. 
The  infants  have  usually  been  fed  upon  a  diet  con- 
taining too  much  starch  and  sugar,  and  too  little  fat 
and  protein.  The  observations  (jf  Bland-Sutton  at 
the  London  Zoo  rather  point  to  the  deficiency  of  fat 
as  being  the  more  important.  A  lioness  there  was 
unable  to  si'ckle  for  long,  and  litter  after  litter  of  cubs 
had  died  of  rickets.  Investigation  of  the  diet  showed 
that  they  were  fed  upon  London  cab-horse,  which 
naturally  did  not  supply  any  fat,  and  their  little 
teeth  were  not  able  to  crash  the  bones  and  obtain  the 
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f nd  pounded  bo„^'T„:7J,f  •"'  u'""'  ""'-'''■"  "''■ 
know,,,  of  course,  Iha    cod      ■       '  ''""■^■-     "  ''  ^'^'H 

cons,der,-,ble  difference  ,T'-  ""''""■  There  is 
"hether  rickets  is  due  oLTT"  "'  ""■  '"™™' 
a  fat-soluble  vit.™ ine  '^  ,  L''  "V"  *""""""  of 
"nd  the  researches  ofl,eMjnlH''""  "b-rva„ons 
"■•  to  lack  of  fresh  ,ir  n„,,  *"  """'<'  '""icate, 

by  Xoel  Paton     nd  o'wTT"'  =!'  "  ™'""'^'-d 

prevent  rickets  :  the  on]t  1  ."'  ""  ''°«  ""' 
to  be  Hagenbeck's  Tt  hIJ  ''  '""■  "  '^  ^^'d 
are  allowed  ,reat  op™  ^^^  "'>"-  '"e  animals 
InvestiRation  of  ZITZZ.  "]'.  "' "'"d'tions. 
°f  'he  hospital  class  ,n  Gla  "^"*'  "'  '"ildren 

once  as  to  bottle-feedim-  '  TT  '*""''  ""'^  filler. 
^">ount  of  fa,  in  he  1."""  ""-east-feedins,  or  the 
and  the  rickety      If  the "    -"■■  '"'"'<="  ""=  healthy 

hish  up.  and  .^l-vent  itted  r.^^'"  ™""'  ""^'"'^ 
'")<»   out,    the   pronorl     ,        ''''™™'^<>W'>m 

"•^^  hish.  In  thrirSt  T'*"^"  °'  "'"o*^ 
persons  inhaWted  ea"  t  1'  ^^^J''^^  '^'f ».  3-93 
air-space  per  pc.rson  was  T,'  ?"  ™'"'^  '■="'  <>' 

there   were  3  pe^ns  oer"*      '    '"   ""=   "°"-™hitic, 
was  C25  cubic  f^er  Th'^  "''  '""^  *'"'  »ir-space 

P»orer  and   -ess  tel.'tr  dToV"  Of°  [h'""'^  ''- 

Sh^rpre:j"--''--4%^:f^ 

-^  prone  to  r.ck:ts.h"a„'lrr:3'.:r:Ud^ 


.Wj^^m^:^^m 
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in  the  country.  The  .r-ray  si^ns  of  rickets  at  the 
growing  ends  of  a  puppy's  long  bones  are  very  well 
shown.  In  some  cases  the  country  puppies  were 
given  less  fat  than  the  laboratory  ones.  A  particular 
instance  is  quoted  of  two  identically  fed  puppies, 
one  belonging  to  n  active  boy  and  the  other  to  his 
invalid  cousin  ;  the  latter  developed  rickets,  because 
it  was  more  cooped  up. 

The  Mellanbys  maintain  the  vitamine  h>-pothesis. 
E.  Mellanby  has  used  a  much  larger  number  of  pups, 
over  20G,  and  finds  that  a  diet  containing  bread, 
meat,  oatmeal,  linseed  oil,  yeast,  orange-juice,  and 
an  inadequate  amount  of  milk  causes  rickets 
constantly  in  a  few  montiis.  Giving  more  milk,  or 
animal  fats,  prevents  rickets.  Fast-growing  pups 
show  symptoms  more  markedly  than  slow-growing. 
Calcium  salts  make  no  difference.  Whether  the 
vitamine  is  the  same  as  that  necessary  for  growth 
(fat-soluble  A)  is  not  certain.  Mrs.  Mellanby  shows 
that  on  such  a  diet,  adequate  in  all  other  respects, 
but  lacking  animal  fats,  the  puppies'  deciduous 
teeth  are  lost  late,  the  permanent  teeth  erupt  late 
and  are  badly  placed,  the  enamel  is  defective,  and 
the  calcium  content  low.  If  plenty  of  milk  or 
cod-iiver  oil  is  given,  the  teeth  are  normal. 

Mellanby  replies  to  the  Glasgow  school,  that  the 
milk  allowance  for  their  dogs  was  always  rather  low, 
so  that  the  difference;  between  confinement  and 
exercise  might  turn  the  scale  when  animals  were 
already  near  the  margin,  by  differences  in  appetite 
and  assimilation.  When  pups  have  plenty  of  milk, 
confinement    does    not    make    them    rickety.      The 
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uas  very  near  the  minimum,  and  there  wa.  as  a 
HK^tter  of  fact,  less  in  the  diet  of  the  rachitic  families  • 
also  If  children  eat  a  lot  of  bread  they  tend  to 
neglect  the  articles  that  contain  the  vitamine 

rhere  are  other  facts  that  tell  in  favoui-  of  the 
vitamine  theory,  ,hou,di  it  must  be  allowed  that 
Findlay  and  the  other  Glasgow  workers  have  taught 
us  a  lesson  as  to  the  importance  of  fresh  air  and 
exercise  in  the  prevention  of  rickets.  In  an  Americin 
negro  baby  clini.,  of  thirty-two  infants  giv^'^To^^^ 
of  coa-hver  oil  in  six  months,  only  two  were  rachitic  • 
of  sixteen  given  none,   all  but  one  became  rickety' 

cod-luer  oil  are  curative,  but  probably  we  have 
overdone  the  splinting  f.^  ^ow-legs  and  knock-knee  • 
It  would  be  better  to  st.  ten  the  bones  under  an 
ana:sthetic  and  get  them  roinning  about  in  the  open 

Eski!^n''7M  r  P^*"^^''-  ^"  ^^^^enland,  where  the 
Lskin.0  children  are  cooped  up  all  the  winter  in 
huts  but  get  plenty  of  animal  fat,  rickets  dors  not 
occur.  ^ 

In  constructing  a  diet  table  for  children  it  ought 
o  be  remembered  that  such  a  deficiency  of  vitamines 

growth  represents  a  <^,oss  deviation  from  the  ideal 
and   that   much   chronic   ill-health   and   liability   to 
infection  may  result  from  less  exaggerated  deviations 
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CHAPTER   II. 
RESEARCHES    ON     BLOOD. 

''^''Z'-'^,L°^  "''°°''  ^'■"'^  HEMORRHAGE -BLOOD  TRANS- 
hUSlON  -THE  FOUR  BLOOD  GROUPS  FATE  OF  RED 
BI.OOD.CORPUSCLES  -FUNCTIONS  OF  THE  SPLEEN  TnD 
UVER  COAGULATION  OF  THE  BLOOD- PURPURA  H^MOR 
RHAGICA  -  HEMOPHILIA  -  ANAPHYLAXIS  -  THE  THERA- 
PEUTICS   OF    CALCIUM    SALTS.  THERA- 

nnHROUGHOUT  the  Great  W..r  h.xmorrhage  has 
±       been     a     terrible     bugbear.     Not    only    did 
wounded   men   often   lose   a   dangerous   amount  of 
blood  before  they  could  be  collected  from  the  fon^'ard 
areas  and  be  brought  to  the  nearest  medical  officer 
but  the  surgeon's  ancient  enemy,  secondary  hemor- 
rhage, which  in  civil  practice  had  almost  ceased  to 
mtercst  us  on  account  of  its  rarity,  became  a  common 
and  deadly  foe  once  more.     There  is  no  doubt  that 
the  study  of  the  blood  and  its  problems  had  made 
greater   advance   in   America   than   in    the   British 
Isles,    and    the    valuable    assistance    of    American 
medical  officers,  coming  at  a  time  when  we  were  all 
thmking  about  such  problems,  has  led  to  a  better 
understanding  of  many  important  facts. 

We  shall  consider  fir.t  the  process  of  natural 
recovery  from  a  big  haemorrhage.  It  has  long  been 
known  that  within  a  few  minutes  the  blood  remain- 
mg  in  the  vessels  becomes  diluted  by  taking  up 
watery  fluid  from  tlie  tissues,  and  that  the  arteries 
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contract  down  on  the  reduced  volume  so  as  to 
maintain  the  blood-pressure  and  provide  an  efficient 
tilling  for  the  heart  on  the  venous  side.  We  now 
know  that  there  is  active  spasm  of  the  veins  also, 
so  much  so  that  there  may  be  serious  difficulty  in 
getting,'  an  intravenous  infusion  to  flow.  I  have 
several  times  during  a  blood  transfusion  b?en 
compelled  to  use  the  internal  saphenous  vein  at  the 
groin  on  this  account. 

There  are  several  modern  methods  of  estimating 
the  total  blood-volume.  The  best  is  by  the  use  of 
an  innocuous  dye  called  '  vital  red ',  introduced  by 
Keith,  Kowntree,  and  Geraghty.  A  sample  of  the 
patient's  jJasma  (lo  c.c.)  is  first  obtained,  citrated, 
and  centrifugahzed — or  another  person's  plasma 
will  do.  Then  a  dose  of  the  dye,  well  diluted,  is 
given  intravenously  {3  mgrms.  per  kilo  of  body 
weight).  Two  samples  of  blood  are  then  taken 
three  and  six  minutes  after  from  the  two  arm  veins  ; 
these  are  citrated  and  centrifugahzed.  The  original 
plasma  diluted  with  three  parts  of  saline  is  then 
mixed  with  the  dye  solution  to  match  the  coloured 
plasma,  withdrawn  after  injection,  in  a  colorimeter. 
I'rom  this  the  plasma- volume  in  the  body  can 
be  calculated.  To  obtain  the  whole-blood-volume, 
a  hiemocrit  must  be  used.  In  normal  persons  the 
plasma-volume  is  one-twentieth  the  body  weight, 
and  the  blood- volume  is  one-twelfth  the  body  weight. 
This  is  a  higher  figure  than  that  obtained  by  the 
older,  less  accurate,  and  more  dangerous  carbon- 
monoxide  method,  but  it  agrees  well  with  the  results 
got  by  another  procedure — that  i*^.,  by  calculating 
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from  the  difference  in  the  blood-count  before  and 
after  transfusing  with  a  known  volume  of  gum- 
acacia  solution. 

In  obesity  the  plasma-volume  is  relatively  low 
and  in  chlorosis  relatively  high  ;  it  is  also  high  late 
in  pregnancy. 

After  a  severe  hemorrhage,  the  total  blood-volume 
may  fall  to  Co  per  cent  of  the  normal,  and  yet  recovery 
may  take  place.  Insisting  on  the  patient  taking 
large  quantities  of  fluids  by  the  mouth  and  per 
rectum  greatly  hastens  the  rate  of  recovery.  In  a 
few  cases  the  capillary  hajmoglobin-count  was  higher 
than  the  venous  (30  per  cent  and  26  per  cent)  ;  as 
the  patient  improves,  the  difference  passes'  off 
(Robertson  and  Bock). 

During  the  process  of  regeneration,  the  red  marrow 
which  is  normally  confmed  to   the   flat  bones    the 
bodies  of  the  vertebra,  and  the  ends   of   the 'long 
bones,  encroaches  upon  the  yellow  marrow  in  the 
shafts  of  the  long  bones  to  some  extent.     A  few 
nucleated    reds    may    turn    up    in    the    peripheral 
circulation.     A  much  moic  constant  sign  of  blood- 
regeneration   is   the    appearance    amongst   the    red 
corpuscles    of    reticulated    cells,    best     seen     after 
staining  with  cresyl-blue.  which  may  be  used  instead 
of  Hayem's  fluid  for  the  blood-count.      In  normal 
blood  these  cells  amount   to   i   per  cent;    during 
active    blood-regeneration    they  may  reach   20  per 
cent. 

Kerr,  Hurwitz,  and  Whipple  have  made  a  study  of 
the  restoration  of  the  blood-serum  proteins.  If  after 
a  big  bleeding  the  red  corpuscles  are  centrifupaliz^d 
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off,  suspcndi'd  in  Locke's  fluid,  and  ix-turned  to  the 
circulation  (in  dogs),  it  takes  some  weeks  to  restore 
the  protein  to  normal.  If  the  animal  is  starved, 
recovery  is  retarded.  If  plenty  of  meat  is  given, 
however,  the  restoration  will  be  speeded  up,  and  a 
50  ]x'r  cent  depletion  may  be  recovered  from  in  ftve 
to  seven  days.  There  is  some  evidence  that  the  new 
protein  is  supplied  by  the  liver.  In  a  dog  in  which 
the  liver  has  been  partly  cut  out  of  the  circulation 
by  an  Kck  fistula,  recovery  of  the  serum  protein 
after  bleeding  is  slow  and  poor.  In  phosphorus 
poisoning,  reduction  of  the  liver  protein  and  scrum 
protein  go  together. 

BLOOD     TRANSFUSION. 

It  has  passed  into  a  hackneyed  phrase  to  speak  of 
'  infusing  new  blood  '  into  a  committee  or  business 
undertaking  ;  but  until  the  last  two  years  of  the 
war  the  procedure  has  been  more  metaphorical  than 
literal  in  Great  Britain.  In  America,  blood  trans- 
fusion has  made  immense  strides.  There  is  no 
doubt,  now  that  so  many  medical  officers  have 
learned  its  value  in  France,  that  it  will  become  a 
well-established  method  of  treatment  in  this  country. 

It  is  well  known  that  animal's  blood,  or  preserved 
serum,  cannot  be  used,  as  violent  to.xic  symptoms 
are  produced  if  any  considerable  quantity  is 
injected. 

1  he  principal  indication  for  blood  transfusion  is  a 
severe  hccmorrhage  of  whatever  ongin.  For  this 
condition  the  benefit  is  very  striking — much  more 
lasting  than  that  seen   after  a  saline   transfusicju. 
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Traumatic  shock  apart  from  haemorrhage  is  also 
improved  by  injecting  blood.  For  these  puiposes 
one  needs  large  quantities  ;  about  a  pint  is  a  usual 
dose.  Blood  transfusion  is  probably  the  best 
remedy  we  know  for  pernicious  anrcmia,  but  it  is 
not  a  permanent  cure.  It  ai)pears  to  act  not  so 
much  by  directly  increasing  the  volume  and  oxygen- 
carrying  power  of  the  blood,  but  by  stimulating  the 
red  marrow  to  renewed  activity,  and  so  to  bring  on 
a  remission.  Yet  another  indication  is  continuing 
haemorrhage  from  ha-mophilia,  as  we  shall  see.  For 
these  two  diseases,  half  a  pint  will  be  sufficient  as 
a  dose. 

Many  different  methods  arc  in  use  for  giving  the 
blood.  I  have  described  these  in  some  detail  else- 
where. Direct  arm-to-arm  transfusion  by  connect- 
ing the  donor's  artery  with  the  patient's  vein  is 
unsatisfactory  in  that  one  does  not  know  how  much 
blood  passes  ;  it  may  be  little  or  none.  Some  prefer 
to  use  unmodified  blood  kept  from  clotting  by  with- 
drawing from  a  vein  into  a  paraffin-lined  receptacle 
and  injected  as  quickly  as  possible.  Others  prefer 
to  use  citrated  blood,  which  is  much  easier  to  handle. 
I  have  given  much  larger  doses  of  citrate  intra- 
venously to  wounded  soldiers  than  we  now  consider 
necessary,  and  no  harm  resulted.  Hedon  finds  that 
4  grms.  is  safe  for  a  dog.  I  have  several  times 
given  8  or  9  grms.  to  men.  It  is  a  curious  point 
that  the  injection  of  citrate  does  not  alter  the 
coagulation  time  of  the  receiver's  blood  ;  this  has 
been  verified  by  myself  and  others.  It  is  also 
interesting  that  taking  a  pint  of  blood  fioiu  a  healthy 
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(loiKjr  docs  not  pioduce  any  symptoms.  In  America 
tlurt'  arc  professicjnal  donors  who  arc  willing  to  give 
blood  once  every  three  weeks  or  so. 

A  very  interesting  research  has  been  published 
by  Abel  that  has  borne  good  fnut  during  the  war. 
He  found  in  animals  that  a  big  h;cmorrhage  can  be 
replaced  just  as  cflficicntly  by  the  animal's  red  blood- 
corjjuscles  washed  and  suspended  in  Locke's  fluid 
as  by  fresh  whole  blood.  The  plasma  proteins  do 
not  seem  to  matter.  Rous  and  Turner  carried  the 
matter  further,  and  showed  that  red  corpuscles 
kept  in  a  citrate-dextrose  solution  may  be  preserved 
in  an  ice-chest  for  several  weeks,  and  will  still  func- 
tion if  injected  into  an  animal  of  the  same  species 
at  the  end  of  that  time.  If  they  are  kept  too  long 
(three  weeks  in  a  rabbit,  over  four  weeks  in  a  man), 
they  do  no  harm,  but  are  rapidly  removed,  so  that 
if  the  receiving  animal  is  bled,  and  then  transfused 
with  the  preserved  corpuscles,  the  blood-counts 
show  first  the  rapid  fall  due  to  the  Weeding,  then 
the  rise  to  normal  following  transfusion,  then  in 
the  course  of  a  few  days  a  rapid  fall  to  the  post- 
hamorrhage  level.  If  the  corpuscles  have  not  been 
kept  too  long  and  are  still  functioning,  this  secondary 
fall  does  not  occur. 

Captain  O.  H.  Robertson  was  sent  to  the  casualty 
clearing  station  where  I  was  working  just  before  the 
battle  of  Cambrai,  to  apply  these  results  to  man. 
Forty  pints  of  blood  (including  a  pint  from  a  well- 
known  surgeon)  were  taken  and  stored  iu  ice,  in  a 
citrate-de.xtrose  solution.  It  takes  abou*"  a  week 
for  the  comuscles  to  settle  ;   the  suDernatant  plasma 
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IS  then  decanted  off.  The  results  were  just  as  ^^ood 
as  those  obtained  by  usin^'  frerh  blood.  Needless 
to  say  ,t  mic'ht  be  dan^'erous  to  injert  plasma  v.hich 
tiad  been  kept  any  length  of  time 

Miss  .Ashby  has  shown  that  after  a  blood  trans- 

usion   the  injected   red  eonmscles  survive  at  least 

thirty    days    m    man.      This    was    determined    by 

transfusing  a  patient   belonging  to  Group   II  with 

rfhe  r"^/;;'  Vr  ^^"''"«  ^y  agglutinins 
for  the  Lroup  jy  cells  at  various  dates  after- 
wards. 

Blood  transfusion  in  man  is  not  completely  devoid 
of  nsks  to  the  receiver.     There  is  the  possibility  of 
conveying  disease,  such  as  syphilis,  if  the  donor  is 
not  healthy.     A  rigor  may  follow,  or  vomiting  or  a 
nse  of  temperature.     If  the  transfusion  is  given  too 
tast.  the  patient  may  complain  of  a  feeling  of  disten- 
tion   and    bursting    inside    the    chest.     The    most 
serious  danger,  however,  arises  from  the  use  of  an 
incompatible  blood.     If  the  donor  and  the  patient 
do  not  belong  to  the  same  blood  groups,  there  may 
be  h.-emolys,s  of  the  injected  corpuscles,   resulting 
m  vom.i.ug,  dyspnoea,  an  urticarial  rash,  a  quick 
weaK    pulse,    and    perhaps    convulsions    or    coma 
These   may  come   on   during   the   transfusion,   and 
may    be    followed    by   ha-moglobiuuria.     In    a    few 
cases    death    has    resulted.     If    the    transfusion    is 
stopped  immediately,  serious  trouble  may  be  averted 
Ihis  brings  up  the  importance  of  testing  out  the 
donor  beforehand.     If  this  precaution  is  not  taken 
alarming  reactions  may  be  expected  in  5  to  10  per 
cent  of  the  cases.  ^ 
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THE     FOUR     BLOOD    GROUPS. 

Stranpc  to  say,  the  bloods  of  different  individuals, 
even  of  the  same  family,  are  not  always  compatible. 
Shortly  after  birth  the  blood  takes  up  the  characters 
of  one  of  four  groups,  and  these  apparently  persist 
throughout  life  unchanged.  The  blood  of  a  person 
of  a  particular  group  may  safely  be  given  to  another 
person  of  that  group,  but  not  necessarily  to  someone 
i)elonging  to  another  group.  The  incompatibi'ity 
lit  s  in  two  directions  :  the  one  plasma  will  (i)  hxmo- 
lyze  and  (2)  agglutinate  the  corj)ascles  of  a  patient 
of  another  group.  It  seems  to  be  esta'  '-^hed  that 
a  blood  which  will  ha;molyze  another  'ways 

agglutinate   it  ;     this   is   convenient,   because  s 

simpler  to  test  out  the  agglutination  reaction  tiiaii 
the  haemolysis. 

According  to  Moss,  there  are  four  classes  of  bloods, 
designated  as  Groups  I,  II,  III,  and  IV.  The 
relative  frequency  of  these  groups,  and  their  suit- 
ability as  donors,  are  given  in  the  following  table  : — 


Donor 


Group  I 

..  II 

.,  Ill 

..  IV 


rercenlage 
frequency. 


5 
40 
10 
45 


Suitable  if  patient 
belongs   to 


Group  I 

„  I,  H 

,.  I.  Ill 

,.  I,  H,   III.   IV 


When  the  blood  of  a  Group  IV  donor  is  given  to  a 
Group  I,  II,  or  ///  patient,  the  plasma  of  the  donor 
has  a  tendency  to  haemolyze  and  agglutinate  the 
corpuscles  of  the  patient  ,    but  the  plasma  of  the 
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patient  does  not  so  act  on  the  corpuscles  of  the 
donor,  and  ,t  is  found  in  practice  that  what  matters 
IS  the  e  feet  of  the  patient's  phisma  on  tlie  injected 
coq^usccs.  not  the  reverse.  This  is  no  doubt  because 
he  bulk  of  me  jKitient's  blood  is  so  much  ^Teater 
than  that  ,;f  the  transfused  blood. 

The  best  method  of  determining  the  blood  group 
of  a  donor  is  by  the  use  of  preserved  stock  sera 
belongmg  to  Croups  II  and  ///.     To  make  the  test 
a  glass  shde  is  taken,  and  a  large  drop  of  the  test 
serum  placed  one  near  enrh  end.     Then  the  donor's 
ear  is  pncked,  and  a  small  drop  of  blood  taken  with 
a  matcn-stick  and  mix^d  with  the  Group  II  serum 
Another  drop  is  mixed  by  another  match-stick  wita 
^^Gronp    III    ..rum.     The    result    may    be    as 


Blood  Corpuscles  agKlutinated  by 


IJouor  U 


Oroup    U  a„d  Group  III  scrum  .      (;roun  i 

..      I      scrum  but  not  Group  II  serum    '  ^       r 

"       "^'^""^'^"^"ot^roup  III  serum  ,','  in 

'.'.  IV 


Neither  serum 


The  agglutination  is  quite  obvious  to  the  naked  eve 
in  about  hve  minutes.  ^ 

In  choosing  donors,  we  may  use  either  one  belong- 
ing to  the  same  group  as  thr  patient,  or  a  Group  IV 
donor  Group  IV  individuals  are  the  universal 
providers.  1  hus.  if  a  Group  IV  donor  is  available 
It  IS  not  necessary  to  know  what  group  the  patient 
belongs  to.  On  the  other  hand,  if  both  patient  and 
donor  belong  to  Group  II,  the  bloods  will  be 
compatible. 
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If  Diie  has  not  the  two  t^roup  sera  in  stork,  it  is 
lurtssary  to  test  the  patient's  senim  ajjjainst  the 
donor's  (■or[)usrles  (Urectly.  Draw  off  a  few  c.c.  of 
the  patient's  blood  and  allow  it  to  clot  in  a  tube. 
Obtain  a  lar^c  drop  of  (^uite  clear  serum,  add  a  trace 
of  citrate,  and  tiien  mix  in  a  small  drop  of  the  donor's 
blood.  If  at;i^dutination  occurs  in  live  minutes,  the 
donor  is  unsuitable  ;  if  there  is  no  agglutination, 
the  donor's  blood  may  be  userl  for  that  patient. 


FATE     OF     RED     BLOOD-CORPUSCLES. 

Some  of  the  older  text- books  hazard  a  guess  that 
red  blood-corpuscles  usually  Uve  about  three  weeks, 
but  since  even  transfused  corpuscles  in  man  are 
surviving  after  a  month  it  is  probable  that  the 
(ordinary  life  of  a  corpuscle  is  much  longer.  The 
normal  fate  of  red  cells  in  man,  monkeys,  and  cats, 
according  to  Robertson  and  Rous,  is  to  fragment 
in  the  blood-stream,  and  the  fragments  are  swept 
up  by  the  spleen.  The  poikilocytes  and  microcyte^, 
of  grave  anaemia  do  not  appear  to  be  preformed  in 
the  red  marrow,  and  they  are  the  result  of  breaking 
up  of  circulating  red  corpuscles.  Often  they  show 
the  reticulum  which  is  characteristic  of  young  cells. 

In  the  dog,  rat,  and  guinea-pig,  whole  red  cor- 
puscles are  taken  up  by  the  spleen. 


FUNCTIONS  OF  THE  SPLEEN  AND  LIVER 
IN   RELATION   TO  THE  BLOOD. 

It  has  been  known  for  years  that  the  spleen  must 

have  some  relation  to  the  formation  or  destruction 

of  blood-coqiuscles.     The  way  m  which  it  enlarges 
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in    blood    diseases    such    as    leukaemia,    pernicious 
am-cmia.    von    Jaksch'.-,    ancemia,    splenic    an.cmia 
chronic   malaria,   and  other  tropral   blood-p,    asite 
infections,  is  proof  (;f  this.     Spleen  pulp  cell,  can 
be   seen   in     the   act    of   immolating   damaged   red 
corpuscles.     But  when  we  seek  for  further  evidence 
It  becomes  very  dubious  and  uncertain,  and  a  gooci 
many  of  the  published  observations  are  demonstrably 
incorrect  ^ 

The  whole  subject  has  recently  been  re-investigated 
with  care  and  restraint  by  Pearce  and  his  fellow- 
workers,  taking  account  both  of  experimental  and 
chniccd  observations. 

Splenectomy  in  dogs  gives  rise  to  the  following 
changes  : — 

I.  A  mild  secondary  an.xmia  of  the  usual  type 
reaching  its  maximum  after  a  month,  and  recovering 
later.  Why  this  occurs  is  unknown,  except  that 
injection  of  spleen-extract  into  a  normal  dog  causes 
a  bnef  rise  of  the  red  count  bv  stimulating  bone- 
marrow.  This  may  furnish  some  experimental 
basis  for  spleen-extract  therapy  in  aucemia. 

2.  A  brief  polymorphonuclear  leucocytosis  Many 
other  leucocyte  variations  have  been  described  but 
they  are  inconstant. 

3-  Increased  resistance  of  the  red  corjjuscles  to 
ha?molytic  agents.     We  do  not  know  why. 

4-  Keduced  liability  to  jaundice  and  hjcmo- 
gloDinuria  after  the  administration  of  h;emolytic 
agents.  This  may  be  due  to  three  factors.  The 
animal  being  ana."mic,  the  death-rate  amongst  the 
red  cells  is  low.  and  the  liver,  the  grave-digger  in 
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ordinary  when  the  spleen  is  gone,  is  not  hkely  to 
be  ovrrworked  even  when  the  death-rate  rises  some- 
what. Ai^ain,  the  corpuscles  are  more  resistant. 
.And  thirdly,  as  the  spleen  and  splenic  vein  are  t,'one, 
the  liver  receives  less  blood. 

The  j)(jint  is  interesting,  because  we  know  that 
there  are  two  varieties  of  splenomegaly  associated 
with  an;emia  and  jaundice.  One  variety  is  con- 
genital, the  other  is  acquired.  In  each,  spiemctomy 
cures  the  anaemia  and  the  jaundice.  Probably  the 
spleen  contained  a  hccmolytic  to.\in. 

In  spite  of  older  statements  to  the  contrary,  there 
is  no  constant  (iifference  in  the  cell-counts  of  the 
blofxl  of  the  splenic  artery  and  splenic  vein,  and  no 
free  h;emoglobin  in  the  vein.  Nor  does  splenectomy 
in  normal  dogs  cause  metabolic  changes.  In  man, 
splenectomy  for  a  very  -ge  spleen  reduces  the 
excessive  output  of  uric  ac.     and  urobilin. 

Diversion  of  the  spl.'nic  vein  into  the  inferior 
vena  cava,  to  avoic'  the  liver,  has  appro.ximately 
ihe  same  effects  in  every  w  ■/  as  splenectomy. 

In  most  cases  after  removing  the  spleca  the  yellow 
marrow  in  the  shaft  of  the  femur  becomes  r.d, 
signifying  increased  production.  This  takes  about 
six  months.  The  reason  is  unknown.  The  hiemo- 
lymph  glands  contain  an  e.xcess  of  endothelial  cells, 
and  if  a  h:emolytic  agent  is  given,  these  cells  are 
abnormally  full  of  red  corpuscles  in  process  of 
digestion.  Probably  this  is  compensatory.  A  new 
induced  an;emia  in  a  splenectomized  animal  is  badly 
recovered  from. 

Banti's  disease  is  supposed  to  be  a  chronic  inflam- 


28 


RESEARCHES    ON    BLOOD 


motion  of  the  spleen  with  great  en.  rgement  (goinR 
on  hiter  to  fib--,)  and  excessive  functfon,  so  that 
too  many  r.  orpuscles  are  destroyed.  Splenec- 
tomy in  the  .  .irly  stages  cures  the  anaemia. 

Not  much  has  been  added  to  our  knowledge  of 
the  blood-destroying  functions  of  the  liver.  After 
Eck's  fistula,  the  liver  cells  atrophy  considerably, 
and  bilirubin  is  considerably  reduced  in  the  bile,' 
which  suggests  that  the  liver  is  normally  active  in 
blood  destruction,  and  does  not  merely  sweep  up 
dead  and  degenerated  red  corpuscles.  Splenectomy 
does  not  alter  this  effect  (Whipple  and  Hooper). 

COAGULATION  OF  THE  BLOOD. 
We  are  still  far  from  a  clear  conception  of  the 
exact  pathology  of  haemophilia,  purpura,  and  the 
hemorrhagic  tendency  in  jaundice,  but  it  will 
be  only  by  a  sound  understanding  of  the  normal 
processes  of  coagulation  of  the  blood  that  we  shall 
be  able  to  comprehend  the  abnormal. 

The  phenomena  of  blood-clotting  are  beautifully 
designed  to  avoid  two  opposing  evils  :  if  no  provision 
was  made  for  fibrin  formation,  every  injury  would  be 
fatal ;  but  on  the  other  hand,  if  all  the  essentials  for 
the  process  were  already  present  in  the  plasma,  the 
circulation  would  immediately  be  brought  to  a 
standstill  by  intravascular  thrombosis.  Thereiore 
coagulation  is  made  to  be  dependent  on  contact  with 
damaged  cells,  either  tissue-cells  or  leucocytes,  and 
in  particular  with  the  nucleoprotein  constituting 
their  nuclei,  while  the  intact  lining  endothelium  of 
the  blood-vessels  has  the  power  of  preventing  clotting. 
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We  have  all  been  told  that  a  length  of  jugular  vein 
containing  blood  may  be  tied  at  each  end  and  hung 
up  for  a  week,  and  no  clotting  occurs  until  damaged 
tissue-cells  are  added.  Thus  we  find  that  the  very 
incision  or  laceration  which  excites  the  haemorrhage 
provides  also  the  wherewithal  to  stop  it.  The 
nucleoprotein  furnished  in  this  way  by  the  tissues  is 
called  ihromhokinase. 

Next,  we  know  that  calcium  salts  are  needful  for 
dotting,  and  if  they  are  withdrawn  by  oxalates  or 
citrates,  no  fibrin  will  be  formed.  An  excess  of 
calcium  salts,  however,  delays  clotting. 

Concerning  thrombogen  or  prothrombin  we  cannot 
s[)eak  so  confidently.  It  is  intimately  associated 
with,  and  hard  to  separate  fiom,  fibrinogen,  but  is 
probably  derived  eventually  from  the  leucocytes 
and  platelets.  Hydrocele  fluid,  which  does  not 
contain  any  corpuscles,  will  not  clot  until  blood  or 
fibrin  is  added. 

The  actual  mother  substance  of  the  fibrin  is  of 
course  the  fibrinogen,  a  protein  in  the  plasma.  There 
is  really  a  double  reaction,  thus  : — 


(1)  Prothrombin       + 
(  =  thrombogen) 
{?  from  leucocytos) 


I 


Thrombokinase    -f 
(from  damaged 

leucocytes  or 

tissue -cells) 


Calcium  salts 
(in  plasma) 

I 


(ii)      Thrombin 


Thrombin  (  =  fibrin  ferment) 
+  Fibrinogen  (in  plasma) 


Fibrin 


According  to  ].  Mellanby,  the  name  fibrin  ferment 
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wil?lit"r''i  ''  '  ^'''''"'^''  ^'^'^'^^  °^  thrombin 

t^Tstsr^"^^^^^  ^  ^™^  ^--^^>  ^^^^^^^^^ 

We  have  yet  one  more  provision  to  refer  to.     The 
cells   hnmg    the    blood-vessels,    and    the    leucocyte! 
hemselves.    are    not    immortal.     When    they    ^e 
thrombokmase  is  shed  out.  and  so  thrombinVld 
be   formed   and   induce   local   clotting.      Tins   does 
actually    occur    in    phlebitis    and    o^ier    f    ms    o 
v-enous  or  arterial  thrombosis.     In  tiie  pliysiZica 
state    however,  the  liver  secretes  into  the  blooTan 
anmro.nb^n  sufficient  in  amount  to  deal  Jh  sl'S 
forma  ions  of  thrombin,  but  not  sufficient  to  irrterTere 
^VI  h  the  natural  process  of  arrest  of  h.morrh'ge 

JTT  7'-'''''^  '"^'^'''^^  t^^t  antithrombin  is  the 
product    of    interaction    of    two    other    substances 
called  /;.;.«..,  .hich  is  derived  from  the  ter  Td 

^^n,  •  ter^.:::^^-  ^^^  Proantithrombm 

Nvith  Winch  the  blood  coagulates,  and  it  is  often  easier 
to  understand  «7,y  than  ho:,  this  is  brought  about 
Pid  "InT'   r'  ''^  ^"'  °^  P-^--y  'lotting     • 
o  'slow     Aft      ''"k  """*^°"'^'  ^'^^^  ''  -  ^^^fi^^nt 
M.fi       ■  ""   ha.-morrhage.    the    fibrinoplastic 

clot^forming)  power  rises  quickly.     Inforn  ation  may 

cap  llapr  tube  mto  which  the  blood  is  sucked  up  so 
t^^at  the  time  which  it  takes  sohdi tying  1/ be 
measured.     It  requires  some  care  in  practice  to  avoH 
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variations  in  the  calibre,  variations  in  temperature, 
the  inclusion  of  lymph  or  clots,  etc. 

Associated  with  deficient  coagulability  there  is 
often  a  tendency  to  effusions  of  plasma  through  the 
capillary  walls  on  account  of  the  low  viscosity  of  the 
blood.  The  sjTnptoms  of  such  a  tendency  to  effusion 
are  liabiUty  to  chilblaiub,  headaches,  ncttlerash  or 
jatchy  tedema,  and  transient  or  functional  albu- 
minuria. 

The  conversion  of  fibrinogen  into  fibrin  is  only  the 
first  stage  of  a  more  prolonged  process,  just  as  the 
very  similar  conversion  of  caseinogen  in  milk  into 
^olid  casein  is  only  one  step  in  the  process  of  break- 
ing it  down  to  simpler  substances  such  as  peptones 
and  aminoacids. 

The  fibrin  is  not  a  permanent   body.     Even   in 
blood-clot  kept  at  about  40°  C.  it  undergoes  partial 
resolution  into  simpler  and  soluble  substances,  under 
the  influence  of  ferments  already  present  in  the  clot, 
called  fibrinolysins.     It  is   probable   that    these,   as 
well  as  leucocytes,  play  an  important  part  in  deter- 
mining  the   resolution   of   fibrin   collections   in    the 
human  body,   such  as  may  be   found  not  only  in 
bruises  and  thromboses  but  also  in  the  lymph-clot 
which  is  the  precursor  01  adhesions  in  the  pleura! 
and  :<■  koneal  cavities.     It  is  well  known  that  these 
adhesions  may  disappear  spontaneously  to  a  remark- 
able degree.     Any  value  which  thiosinamine  and  its 
derivative  fibrolysin  may  have,  given  hypodermically 
to  absorb  young  fibrous  tissue,  may  possibly  be  due 
to  the  production  of  ferments  such  as  these. 
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PURPURA     HiEMORRHAGICA. 

English  physiologists  have  cxprcsscfl  a  gnf)d  deal 
of  doubt  as  to  the  very  existence  of  platrjcts  as 
preformed  elements  in  the  blood.  It  is  said  that 
the  number  to  bo  found  in  a  stained  film  (Kjxnds 
upon  th(>  method  of  preparation,  and  t!iat  when 
blood  stands  and  clots  it  deposits  platelets  in  plenty. 
It  is  also  said  that  they  are  never  visible  in  the  living 
circulation  in  the  web  of  a  frog's  foot  or  in  dog's 
omentum.  American  ha;matologists,  on  thr  other 
hand,  seem  to  have  no  doubts  as  to  their  existence 
preformed  in  the  living  blood. 

Lee  and  Minot,  whilst  admitting  that  they  do  not 
occur  except  in  mammals,  say  that  platelets  are 
visible  in  the  circulating  blood  of  the  rabbit  or 
guinea-pig.  They  are  derived  from  the  mega- 
karyocytes of  the  marrow.  The  numb(T  of  platelets 
present  runs  parallel  with  the  coagulability  of  the 
blood,  and,  in  particular,  blood-clot  will  not  retract 
firmly  so  as  to  plug  vessels  imless  platelets  are 
present  in  normal  numbers.  Benzol  reduces  the 
platelet  count,  and  may  lead  to  a  tendency  to  bleed. 
In  purpura  ha;morrhagica,  and  the  hiemorrhagic 
type  of  some  fevers,  the  platelets  are  few  or  absent 
in  the  blood. 

An  observation  that  is  interesting  in  itself,  and 
also  may  throw  hght  on  the  platelet  problem,  is 
published  by  Lee  and  Robertson,  and  also  by 
Ledingham  and  Bedson.  If  the  platelets  are 
separated  out  from  guinea-pig's  blood  by  sedimenta- 
tion, and  injected  into  some  other  species,  such  as 
the  rabbit,   an   ;!ntibody  is  formed  in  the  rabbit's 
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Miuni  .Irstructive  to  guim-a-pig^  pl.itclt-ts.  If 
-ninr  of  the  serum  tlms  ohtiiincd  is  injected  into  ;i 
Kuinia-piK.  a  condition  clo<;clv  nsrniblint,'  punmra 
iKitnorrlr.gica  is  produced.  There  are  ble.-dings 
from  the  n.^se.  bowel,  and  oth<r  mucous  membranes 
•md  ].uq)le  patches  of  haemorrhage  in  the  skin 
..nd  .  onjunctivie.  The  animal  may  die.  Few  or  no 
plattlets  are  to  be  found  in  its  blood. 

It  is  not  suggested,  of  course,  that  the  disease  in 
tiKin  IS  produced  just  in  this  way,  but  the  experiment 
raiM  -,  the  probability  that  the  underlying  cause  of 
in.ppura  hamorrhagica  may  be  a  to.xin  destroying 
ihr  platelets,  which  as  we  have  seen  are  markedly 
'tdiKCfi.  The  blood  in  this  disease  may  begin  to 
c!..t  in  normal  time,  but  the  anigulum  is  s..ft  and 
will  not  retract  firmly. 

HAEMOPHILIA. 

Of  all  the  nany  conditions  in  which  the  luemor- 
rliagic  diathesis  is  present.  h;emophilia  is  at  once  the 
'no>t  interesting,  tiie  best  understood,  and  the  most 
tragically  dangerous.  We  will  not  stay  to  speak  of 
the  curious  i)roblems  of  its  inheritance,  nor  of  the 
•'^^'•ll-knowu  tendency  to  brui.ing.  joint  effusions,  and 
1>  ^eduig  alter  tiie  most  trivial  injuries.  One  or  two 
of  It.,  i>eculianties,  however,  deserve  a  word  of 
mention,  as  they  may  throw  a  light  on  the  production 
ot  the  hemorrhagic  tendency.  For  instance  the 
l"cality  and  the  nature  of  the  injury  liave  some 
Mgnihcance.     In  a  few  cases,  wounds  below  the  neck 

I!!^^^  "!.^o-^'''*^'^  '"^  .''•''^'''^^'  '^■^^'-"'■eas  abrasions  of  the 
n<--.r  tnlimg  descripti(,n  uifecting  the  lips,  cheeks, 
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<ir  gum^  may  baflU-  all  attcmjils  id  stanch  the  How. 
Again,  net  '1U>  i)ricks,  if  small,  do  not  bUcd.  j^robably 
lifcausc  the  ( lastic  skin  st-als  the  opcninj:;  ;  it  i^ 
<vfn  safe  to  \vitlnli-aw  blood  lif)ni  a  \fin.  Further, 
it  is  not  ti-ue  that  the  iKemorrhage  nrver  sto|)s.  h 
may  (•case  with  or  witlumt  treatment,  sonietimes 
permanently,  sometimes  only  to  come  on  .igain  later. 
It  a  s\U)cutaneous  hiumatoma  develo^^s,  the  wall  is 
hned  by  well-formed  clot,  but  the  central  portion 
contains  blood  which  shows  no  tendency  to  co.igu- 
lation  in  spite  of  the  contact  with  clot.  It  is  the 
capillaries,  rather  than  the  arteries,  which  continue 
to  ooze. 

It  will  be  a  matter  of  opinion  whether  under  the 
generic  nanie  of  luemophilia  we  should  include  cases 
that  arise  every  now  and  then,  in  either  se.x,  of  a 
congenital  and  persistent  tendency  to  bruise  .md 
bleed  from  (•\-er\-  slight  abrasion,  apart  from  any 
family  history  of  a  similar  kind.  There  is  no  doubt 
that  the  symptoms  and  course  of  some  of  these  cases 
are  identical  with  ordinary  haemophilia,*  and  they 
are  nearly  as  common.  Bulloch  states  that  the 
characteristic  joint  allections  never  occur  except  in 
the  hereditary  class. 

Up  to  a  certain  point  modern  observers  are  agreed 
as  to  the  cause  of  haemophilia.  Ever  sine  Sir 
Almroth  Wright,  nearly  twenty  years  ago,  showed 
that  the  coagulation  time  in  these  patients  is  very 
greatly  delayed,  all  students  of  the  disease  who  have 
carefully  fulfilled  the  proper  conditions  have  been 

*  Sr.-    iiwt.iiiccs    -ivcri    hy    Squire,   Hrit.    Mr.i.    Jour..    loio,   i, 
p.  ii()i>;    and  UbKr,  Lancet,  iwi".  i,  V-  izzi). 
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able  to  establish  Iiis  discovery.  Normal  blitu.l  in  a 
Wright's  ccaguliineter  tube  clots  in  s  to  u>  iiiiiuites ; 
hieinophilic  blood  may  take  anything  trom  15 
to  ()<)  minutes  to  solidify,  although  th--  eventual 
yield  of  librin  is  copious  and  firm.  Addi  has  shown 
that  the  coagulation  time  is  e.xactly  related  to  the 
severity  of  the  tendency  to  bleed,  the  mildest  ca  os 
yielding  the  shortest  times,  and  the  severe  cases  the 
longest.  It  is  true  that  a  few  who  have  used  the  blood 
shed  out  during  an  actual  hajmorrhage  have  found 
no  delay  in  the  coagulation  time  ;  but  apart  from 
other  fallacies,  such  as  the  danger  of  including  fibrin 
ferment,  the  mere  fact  of  the  continued  bleeding 
makes  the  blood  clot  more  rapidly  both  in  bleeders  and 
in  ordinary  people,  as  Wright  and  Addis  have  shown. 

Another  abnormality  in  the  blood  is  a  frequent 
deficiency  in  polymorphonuclear  leucocytes. 

We  may  take  it  that  the  rival  theory,  that  of  the 
undue  fragility  of  the  vessel  walls,  is  now  definitely 
abandoned.  IMorawitz  and  Lessen  have  both  shown 
that  the  oedema  obtained  by  dry-cupping  is  no 
greater  in  Ihxmophilics  than  it  is  in  normal 
mdividuals. 

So  far,  then,  there  is  substantial  agreement. 
When  we  seek  to  go  further,  and  to  incjuire  just  which 
we  are  to  blame  of  the  various  elements  that  take 
part  in  regulating  the  coagulation  of  the  blood,  the 
problem  becomes  complicated. 

Theoretically,  the  delay  might  be  due  to : — 
(i)  Deficient  quantity  or  quality  of  the  fibrinogen  ; 
(2)  Deficiency  or  excess  of  calcium  salts;  (3)  De- 
ficient quantity   or  quality  01  the  thrombokinase  ; 
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(4)  Dci'icient  <iuaiitity  or  quality  of  the  prothroniMn  ; 

(5)  Execs.-,  of  nntitlirombin. 

In  tlu:  cxiuniiuitioii  of  tliiM;  factors  we  follow  tlif* 
researches  of  A(l(li>.  The  main  point  to  determine 
is  whether  the  delav  is  in  tiie  first  or  the  seroiid  of 
the  two  reactions  involved,  -thai  .  ■.,  in  the  con\tTsion 
of  prothrombin  into  throinhiii,  or  in  the  coii\er>ion 
of  tibrinof,'en  irto  fibrin.  It  jaoves  that  the  former 
is  at  fault  ;  the  latter  is  <juite  normal.  H;tnioi)iiilic 
fibrinof^'en  is  as  readily  clotted  by  normal  or  by 
h.'vmophilic  throm])in  as  is  normal  fibrinogen,  and 
nctrmal  fibrinogen  i>  »Msily  clotted  by  thrombin  from  a 
l)Ieeder.  IJnt  IhTmophilic  blood  nmst  stand  a  long 
time  before  prothrombin  is  converted  into  thrombin. 

Taking  n|>  the  })oints,  then,  in  order  :-  - 

1.  77j('  defect  is  nut  in  the  fibrinogen,  b.-cans<'  it 
is  re.idily  clotted  if  isolated  and  treated  with  throm- 
bin. Moreover,  when  clot  does  at  last  form  during 
a  ht'emorrhage,  it  is  as  firm  and  abundant  as  in 
ordinary  blood. 

2.  The  defect  is  not  in  the  calcium  suits,  because 
analysis  shows  no  abnormality  in  quantity,  and  the 
addition  of  these  salts  to  drawn  hemophilic  blood, 
though  it  may  hasten  the  time  of  clotting,  does  not 
bring  it  to  normal. 

3.  The  defect  is  not  in  the  thrombokinase.  Here 
Sahli  joins  issue  with  Addis,  because  the  addition  of 
washed  leucocytes  to  h.xmophilic  blood  rapidly 
causes  it  to  clot.  These  may,  however,  bring  in 
prothrombin  as  well  as  thrombokinase,  and  Addis 
shows  that  solutions  of  thrombokinase,  derived  by 
crushing  ui>  tvstis  in  saline,  have  far  less  effect  on 
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h.i'inophilii  'j.in  on  normal  blood  unk-ss  very  concen- 
trated extracts  arc  used.  A^miii,  there  is  just  as  much 
thrombi)kni.ise  in  the  M'nini  ol  a  hit* dcr.  S(iueezed 
out  after  C(iaf,'ulaticn,  as  in  that  oi  a  normal  [H^rson. 

4.  //  rv  i)t  the  pruthrombin  that  the  diftxt  lies.  A 
very  little  nonnal  plasma,  or  a  few  ^va^h^  d  corpuscles 
from  a  normal  jxirson,  restore  the  eoa^iilation  jx)Wir 
forthwith. 

.\ddis  believes  that  he  has  dinctlv  proved  the 
point  by  the  adojuion  of  the  lollowing  method  for 
isolatinj^  iXw.  j)rothrombin.  and  at  the  same  time  he 
has  establi-;hcil  that  in  the  li:emorrhaf,'ic  diathesis  it  is 
deficient  not  in  (juantity  but  only  in  character.  He 
prepared  a  solution  of  fibrino,i,'cn  from  normal  or 
h  I  mophilic  plasma  in  the  ordinary  way  by  precipi- 
tating' it  by  passing  a  stream  of  carbon  dioxide  through 
plasma  kej)t  from  clotting  by  citrate  or  oxalate. 
Fibrinogen  S)  obtained,  as  Mrllanby  ^hows,  always 
carries  with  it  prothrombin,  and  in  the  ])resence  of 
calcium  salts  and  thrombokinase  would  liberate 
thrombin.  Addis,  howevrr,  added  instead  a  trace  of 
thrombin,  which  clotted  the  tibrinogen  and  left  its 
prothrombin  in  solution.  When  a  trace  of  prothrombin 
so  obtained  from  a  normal  blood  was  added  to  h.emo- 
philic  blood,  this  promptly  coagulated.  (The  criticism 
would  of  course  be  that  there  was  some  unused 
thrombin  present  as  well,  too  much  having  been  added 
lo  the  tibrinogen.) 

Thus,  the  exact  pathology  of  li.cniophilia  would  be, 
in  Addis's  opinion,  a  congenital  defect  in  the  con- 
stitution of  the  pruthrombin,  whereby  it  yields 
tiiroiuoHi  nrach  too  slowly.  Posjihly  ihc  Icucucv'tcs 
are  ultimately  at  fault. 
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The  practical  dciuction  wc  shall  see  later. 

5.  There  is  no  excess  of  antithmmhin  in  the  plasma 
of  the  bleeder.  If  there  were,  the  addition  of  a  trace 
of  normal  blood  would  not  caiise  h.xmophilic  blood 
to  clot  as  it  doe>,  because  any  thrombin  in  the  former 
would  be  overpowered  and  destroyed  by  the  anti- 
thrombin  in  the  latter. 

To  sum  up,  the  secret  of  haemophilia  lies  in  a 
defective  quality  of  the  prothrombin,  such  that  it 
takes  much  longer  than  usual  to  develop  into 
thrombin.  No  evidence  is  yet  to  hand  to  show 
whether  the  ha^morrhagic  tendencies  in  scurvy, 
purpura,  {x^rnicious  anaemia,  and  occasionally  in 
jaundice  have  the  same  explanation. 

It  is  important  to  bear  in  mind  the  fact  that 
certain  cases  of  jaundice  may  ooze  to  death  by 
capillary  haemorrhage  after  operation  ;  most  of  us 
can  recollect  instances  of  this  calamity.  It  has  been 
recommended  to  give  drachm  doses  of  calcium 
chloride  for  three  days  before  the  operation,  but 
probably  a  more  useful  proceeding  would  be  to  take 
the  coagulation  time  by  means  of  a  Wright's  tube, 
and  to  refuse  to  operate  on  any  cases  showmg  serious 
delay. 

It  will  be  gathered  that  unfortunately  the  under- 
lying causes  of  haemophilia  do  not  lend  themselves 
to  direct  remedy.  We  cannot,  except  by  one  drastic 
proceeding,  influence  the  quality  or  quantity  of  the 
more  complicated  and  specialized  fibrinoplastic 
elements  in  the  blood,  and  we  can  use  only  those 
means  which  in  a  general  way  are  understood  to 
increase  the  coagulability. 
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Sometimes  the  ordinary  surgical  means  such  as 
rest,  pressure,  plugging,  or  adrenalin  may  be  success- 
ful. It  is  usually  advised  not  to  stitch  wounds, 
for  fear  of  bleeding  from  the  punctures,  but  if  these 
are  made  with  a  small,  round-bodied  needle,  the 
elasticity  of  the  skin  will  prevent  oozing.  Therefore, 
if  tight  stitching  would  obviously  bring  useful 
pressure  to  bear,  it  should  be  resorted  to,  but  only 
in  the  skin,  not  in  mucous  membranes. 

It  has  been  advised,  and  the  advice  is  physio- 
logically sound,  to  apply  normal  human  blood  to  the 
oozing  point.  Unhappily,  even  if  a  mass  of  clot  is 
formed  ttvcr  the  wound,  it  soon  gets  pushed  away  bv 
the  collection  of  unclottcd  blood  beneath  it.  For 
the  normal  arrest  of  h.-Eiuorrhagc  it  is  necessary  either 
that  clotting  should  take  place  inside  the  bleeding 
vessel  or  that  it  should  fill  the  wound  so  tightly  about 
this  vessel  as  to  present  a  complete  block  to  the  flow. 
It  is  often  impossible  to  get  the  remedy  near  enough 
to  tin-  actual  rent  in  the  artery  or  capillary  to  bring 
this  about,  and  the  shape  of  the  wound  may  not  lend 
itself  to  filling  up  tightly  with  firm  clot.  Nevertheless 
the  method  is  simple  and  painless,  ami  has  some- 
times succeeded. 

Styptics  such  as  ferric  chloride,  tannin,  or  alum 
may  be  applied  to  the  wound,  but  they  are  painful 
and  lead  to  much  sloughing,  so  it  is  well  first  to 
pive  a  brief  trial  to  fresh  normal  blood  aj^plied  by 
wool  pledgets,  and  to  VVright's  physiological  styptic 
(thrombokinase),  composed  of  one  part  of  minced 
thymus  in  ten  parts  of  normal  saline.  This  produces 
a  firm  clot,  but  does  not  act  as  quickly  as  the 
escharotic  styptics. 


*= 


■10 


RESEARCHES    ON    BLOOD 


^  i 


Internally.  Wright  gives  calcium  salts,  i)r(.'ferably 
the  lactate,  but  admittedly  this  is  a  bow  drawn  at  a 
venture,  because  the  calcium  is  often  absorbed  very 
badly,  and  may  already  be  at  the  o[)timum  in  the 
blood.     The  first  difficulty  may  be  obviated  in  some 
patients  by  using  magnesium  lactate  or  carbonate. 
fJic  doses  of  any  of  those  dmgs  should  be  60  grains 
for  adults,  and  15  grains  for  children,  at  once,  followed 
by  ID-grain  doses  three  times  a  clay  for  three  da\s 
for    adults,     with    a    corresponding    reduction    for 
children.     Calcium    salts   reverse    their   effect    after 
three  days. 

To  the  same  authority  we  are  indebted  for  the 
suggestion  that  we  should  administer  carbon  dioxide 
gas,  either  from  a  Kipp's  apparatus  containing 
marble  and  hydrochloric  acid,  or  from  a  cvhnder  of 
the  gas.  Venous  blood  is  much  more  coaguiable 
than  arterial.     Dyspnoea  should  be  avoided. 

Weil  reconnnends  the  injection  of  horse-seruiu. 
conveniently  obtained  as  diphtheria  antitoxin.  It 
probably  increases  the  rate  of  blood-clotting,  but 
appare  tly  not  until  niany  hours  have  passed'  and 
consequently  it  often  fails  in  practice. 

There  remains  one  last  resort  in  the  most  desperate 
OSes,  and  no  patient  should  be  allowed  to  die  of 
ha?moi)hilia  without  its  being  attempted.  We  have 
seen  that  there  is  only  one  waV  to  restore  prompt 
coagulability  to  ha^mophihc  blood,  and  that  is  to 
supply  normal  blood. 

Goodman  has  published  a  well-written,  almost 
dramatic  description  of  his  treatment  of  a  Jewish 
boy.  aged  two  and  a  half,  a  well-known  bleeder  and 
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member  of  a  l)leeder  family,  who  was  moribund  from 
hrcmorrhage  from  a  cut  inside  the  cheek,  which  had 
oozed  incessantly  for  two  days.  Pressure,  adrenalin, 
styptics,  calcium  salts,  and  horse-seaim  (antitoxin) 
had  all  been  tried  in  vain,  and  finally  the  child  lay 
motionless  and  pallid,  scarcely  breathing,  with 
haemoglobin  down  to  12  per  cent,  and  haemorriiage 
contiiming. 

Goodman  decided  to  inject  normal  human  blood. 
A  donor,  not  a  relative,  was  tested  bv  Wassermann's 
test  for  syphilis,  and  declared  free.     Under  novocain 
anaesthesia  his  radial  artery  was  connected  by  an 
Elsberg    cannula    with    the    child's    femoral    vein. 
There  were  some  initial  difficulties  in  getting  a  good 
flow,  and  hot  cloths  had  to  be  apphed  ;    finally  the 
basilic  vein  was  substituted  for  the  femoral  on  account 
of  differences  in  the  level  of  these  patients.     Trans- 
fusion   was    continued    for    twenty-eight    minutes. 
During  this  time  colour  gradually  mounted  up  in 
the  cheeks  of  the  little  sufferer,  the  breathing  became 
audible  once  more,  the  almost  water>'  blood  acquired 
its  normal  hue.  and  the  haemoglobin  rose  to  70  per 
cent.      .Alost    significant    of   all,    the    bleeding   was 
completely  and  permanently  arrested,  and  there  was 
no  haemorrhage  from  the  incisions. 

ANAPHYLAXIS. 
It  is  well  known  that  when  certain  proteins  are 
mjected  into  an  animal's  blood-stream,  so  far  from 
antibodies  being  formeu.  there  may  be  an  increased 
sensitiveness  developed,  so  that  a  second  injection 
months  or  years  afterwards  may  produce  severe  or 
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t'vcn  fatal  symptoms.  A  few  case^  are  on  record  in 
which  second  injections  of  horse-scrum  containing 
diphtheria  or  other  antitoxin  have  caused  most 
alarminj:;  ilhic^s  or  death.  Now  that  so  many  men 
who  were  wounded  in  the  war  and  given  a  dose  of 
antitctanic  serum  are  about  in  the  community,  it  is 
possible  that  there  may  be  trouble  one  day  when 
one  f)f  them  is  given  diphtheria  antitoxin  or  some 
other  preparation  of  horse-serum  protein.  It  is 
also  well  known  that  if  the  second  dose  is  given 
within  a  week  this  sensitization  (anaphylaxis)  does 
not  occur. 

The  sympt(>ms  in  severe  cases  are  due  to  intense 
swelling  of  the  mucosa  of  the  bronchi,  causing 
suffocation  and  convulsions.  In  mild  cases  they 
resemble  those  of  ordinary  serum  sickness — an 
urticarial  or  measly  rash,  joint  pains,  and  the  like. 

Evidence  has  accumulated  that  anaphylaxis  may 
explain  some  other  conditions  besides  serum  poison- 
ing. It  occasionally  happens  after  tapping  or 
operating  on  a  hydatid  cyst  that  there  may  be 
violent  urticaria,  or  in  a  few  cases  fatal  suffocative 
symptoms  (intoxication  hydatique).  This  is  an 
anaphylactic  phenomenon. 

Some  cases  of  asthma  and  hay  fever  appear  to  be 
due  to  the  inhalation  of  a  foreign  protein  of  animal 
or  vegetable  origin  to  which  the  patient  is  super- 
sensitive. Sometimes  the  foreign  protein  is  con- 
VI  yed  in  the  diet,  and  white  of  egg  would  seem  to 
be  the  commonest  offender.  In  yit  other  cases  it  is 
of  bacterial  origin.  A  careful  history  may  help  to 
detect  the  source  of  the  trouble,  and  if  the  skin  is 
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scratched  and  a  solution  of  the  suspecti-d  substance 
-  grass  pollen,  egg-albumen,  milk,  or  \vhat(!ver  it  is— 
painted  on  the  scarifications,  there  will  be  swelling 
and  redness.  It  may  then  be  possible  to  avoid  the 
article,  or  to  obtain  an  acquired  immunity  by  starting 
with  exceedingly  minute  doses  (say  i  mgrm.  of  egg- 
albumen)  and  increasing  very  cautiously. 

Intractable  eczema  in  children  may  be  caused  in 
the  same  way.  The  testing  out  may  need  to  be 
quite  elaborate,  using  milk  protein,  fat  and  sugar 
separately,  egg-albumen,  and  watery  extracts  of 
various  food-stuffs  filtered,  preciintated  with  alcohol, 
washed,  and  applied  in  powdered  form.  According 
to  \Mute,  in  two-thirds  of  the  cases  a  positive  result 
was  obtained  to  some  food-stuff  or  other. 

THE    THERAPEUTICS     OF    CALCIUM     SALTS. 

So  much  interest  has  lately  attached  to  this  subject 
that  brief  mention  only  will  be  called  for  of  the  uses 
to  which  calcium  salts  have  been  put.  It  has  long 
been  recognized  by  physiologists  that  they  are 
essential  to  the  continued  success  of  perfusion  fluids, 
and  now  we  know  that  they  control  the  coagulation 
and  viscosity  of  the  blood,  and  probably  the  functions 
of  the  ovary  and  parathyroid  glands  also. 

Remarkable  results  have  been  obtained  in  many 
cases  by  giving  calcium  lactate  in  15-gr.  doses  thrice  a 
day,  for  three  days  only,  in  the  following  conditions  : 

Transient  or  functional  albuminuria. 

'  I^-mphatic  '  headache  frequently  recurring  in 
anajmic  young  women. 

Some  urticarial  eruptions. 
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Chilblains.  In  this  common  complaint  it  may 
work  like  a  charm. 

All  varieties  of  tetany. 

The  symptoms  of  the  menopause  are  sometimes 
greatly  relieved  by  calcium  lactate. 

In  all  the  above,  however,  there  is  one  constantly 
recurring  source  of  fallacy.  The  power  to  absorb 
calcium  from  the  bowel  varies  much  in  different 
people,  and  some  observers  record  negative  results 
after  giving  the  drug.  Magnesium  salts  will  some- 
times be  more  effectual  if  calcium  fails  to  get  into 
the  blood. 
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CHAPTER   III. 

THE     HEART. 

By  Carey  F.  Coomus,  .M.D..  F.R.C.P.  Lond..  Assistant 
Physician,  Bristol  General  Hospital  ;   ;iad 

C.  E.  K.  Herapath,  M.C,  M.D.,  U.S.,  M.R.C  S..  L.R.C  P, 
Medical  Registrar,  Bristol  Royal  Infirmary. 

DEVELOPMENT    AND  STRUCTURE    OF     THE    HEART— MODES    OF 

EXAMINATION       OF       THIC     HEART  HEART     RilYTIlMS  

PROPERTIES     OF        CARDIAC       MUSCLE    —    TFIE       NERVOUS 
SYSTEM    OF    THE  HEART TARniAC     IRRI- 1. CLARITIES. 

AT  the  be/^innins  of  the  third  week  of  fcetal 
life  the  heart  consists  of  a  straight  muscular 
tube,  demarcated  into  four  parts  :  (i)  The  sinus 
venosus ;  (2)  The  primitive  auricle :  (3)  The 
primitive  ventricle ;  (4)  The  bulbus  cordis.  The 
beat  begins  in  the  sinus  venosus,  and  is  carried  on  by 
a  peristaltic  wave  through  the  various  chambers  ot 
the  heart  in  the  order  given  above.  A  little  later  the 
tube  becomes  bent  upon  itself,  one  bend  occurring 
at  the  junction  of  auricle  and  ventricle  ;  the  other 
involves  the  ventricular  portion  of  the  tube,  which 
assumes  a  V  form.  As  a  result  of  these  bends  the 
auricle  takes  up  a  position  dorsal  to  the  ventricle  ; 
the  shorter  curvature  of  the  ventricular  bend  becomes 
absorbed,  forming  one  chamber.  At  this  time  septa 
appear  which  divide  the  primitive  auricle  and 
ventricle  into  two,  and  the  right  and  left  auricles 
grow  out  from  the  dorsal  portion  of  the  primitive 
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auricle,  while  the  ri«ht  and  left  ventricles  grow  out 
from  the  ventral  and  lateral  portions  of  the  primitive 
ventricle.  The  sinus  venosus  j^radually  comes  to  lie 
in  the  dorsal  wall  of  the  rii^ht  part  of  the  primitive 
auricle,  and  when  the  right  auricle  grows  out  it  takes 
the  sinus  venosus  with  it,  so  that  it  conies  to  lie  in  the 
wall  of  the  right  auricle.  The  balbus  cordis  becomes 
incorjiorated  chiefly  in  the  left  ventricle. 

The  auricular  canal,  which  is  the  coniitction 
betwe(Mi  the  ])rimitive  auri(  le  and  ventricle,  becomes 
surrounded  by  an  upgrowth  of  the  base  of  the 
immitive  ventricle,  and  very  little  of  it  remains  in 
the  adult  heart  ;  but  ])art  is  carried  down  in  the 
interauricular  se])tum. 

Theembryoloyical  heart  muscle  has  the  property  of 
conducting  the  stimulus  from  the  sinus  venosus  to  the 
bulbus  cordis,  and  a  remnant  of  this  muscular  tube 
continues  to  act  as  the  conducting  path  in  the  adult 
heart,  so  that  to  imderstand  this  it  is  necessary  to 
trace  this  path  as  it  appears  in  the  adult  heart.  The 
sinus  venosus  has  been  seen  to  move  across  and  to 
lie  eventually  in  the  wall  of  the  right  auricle,  its 
stnicture  lying  chietiy  between  the  superior  and 
inferior  venai  cav;e.  From  here  the  path  runs  down 
the  auricular  canal,  of  which  the  interauricular 
septum  is  the  chief  remains,  though  part  is  in- 
corporated in  the  wall  of  the  right  and  left  auricles. 

The  ventricles  are  chiefly  new  structures,  being 
formed  as  evaginations  from  the  prhnitive  ventricle, 
the  remains  of  which  are  chiefly  in  the  interven- 
tricular septum  which  grows  from  the  apex  upwards 
and  takes  most  of  the  embryological  \entricle  with  it. 
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.  If  we  now  examine  the  recent  histolo;?ical  work 
on  the  conduction  path,  we  find  that  it  agrees  with 
what  has  been  shown  sh<mld  be  its  path  from  the 
morpholof,'icaI  aspect. 

The  place  of  ori/^'in  of  the  heart-beat  ha;:  been 
proved  to  he  at  a  point  in  the  sulcus  tcrminale  bi-low 
the  junction  of  the  superior  vena  cava  and  the  right 
auricular  ai)}xndix,  and  a  patch  of  specialized  tissue- 
is  found  in  this  position  which  is  known  as  the  sinu- 
auricular  node. 

Another  Iart,'er  node  of  similar  tissue  is  found  in 
the  posterior  part  of  the  interauricular  septum  below 
and  to  the  rij^ht  of  the  coronary  sinus.  From  this  a 
bundle  of  pale  muscular  fibres  similar  to  Purkinje 
fibres  passes  forwards  and  downwards  to  the  inter- 
ventricular septum,  where  it  divides  into  right 
and  left  branches.  Each  of  these  passes  down 
beneath  the  endocardium  of  the  septum  of  its  respcx:- 
tive  ventricle,  and  divides  into  branches  which  are 
distributed  to  the  papillary  muscles  and  the  mural 
muscles  of  the  ventricles. 

Thus  a  complete  path  has  been  traced  from  the 
sinu-auricular  node  to  the  ventricles,  except  the 
part  between  the  sinu-auricular  node  and  the 
auriculo ventricular  node.  The  stimulus  i^  supposed 
to  cover  this  interval  by  passing  through  the 
auricular  muscle  in  all  directions.  But  work  on 
dogs  by  electrical  methods  suggests  that  the  stimulus 
reaches  the  auriculoventricular  node  before  the 
auricular  muscle.  Again,  under  certain  conditions 
a  reversed  rhythm  may  take  place,  the  sequence 
of  beat   being  ventricle,  auricle,    and  it   has   been 
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shown  that  in  this  case  the  stimuhis  roa'his  the 
sinu-anricuhir  node  before  the  auricular  muscle. 
These  two  data  point  to  the  existence  of  some 
direct  path  between  sinu-auriciUar  and  auriculo- 
ventricular  nodes  which  does  not  lie  through  the 
auricidar  nmscle,  but  so  far  thi^  path  has  nm  been 
certainly  identilied  anatomically. 

In  birds  there  is  no  auriculoventricular  bundle  and 
node  such  as  has  been  described  abovr,  but  the 
stimulus  is  conducted  by  a  muscular  connection 
vvhich  lies  in  the  posterior  part  uf  the  auriculoven- 
tricular proovc  in  the  region  of  the  left  superior  vena 
cava.  A  similar  })ath  has  been  described  in  this 
position  in  man,  and  also  another  lying  in  the  rif.;ht 
auricular  wall  almost  on  the  extreme  right  lateral 
aspect  of  the  heart  slit;htly  towards  the  posterior 
surface.  So  far  as  is  known,  these  ])aths  do  not 
convey  stimuli  in  man. 


MODES  OF  EXAMINATION  OF  THE  HEART. 

Much  of  the  recent  i)hysiological  work  on  the 
heart  has  been  stimulated  by  clinicians  who  by 
means  of  spt>cial  instmments,  the  jxjlygraph  and 
the  electrocardiograph,  have  classified  the  irregulari- 
ties of  the  heart. 

The  polygraph  is  an  instrument  by  means  of  which 
simultaneous  records  of  the  venous  and  arterial 
pulses  are  obtained,  with  the  addition  of  a  time- 
marker,  so  that  the  actual  time-intervals  of  the 
various  events  in  the  cardiac  cycle  may  be  worked 

f)Ut. 

The  venous  pulse  is  obtained   from  the  jugular 
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bulb  lyin^  just  abovf  tht-  clavicle,    i  to  ih   inches 
external  to  the  sternoclavicular  synchondrosis       The 
ris'ht  side  IS  usually  j^referable  to  the  left.     It  nor- 
mally consists  of  thre<.  waves  of  positiv.:  pressure 
a,  c    and  v,  and  two  waves  of  negative  pressure 
X  and  y  (see  diai^ram). 

The  a  vva\  e  is  caused  by  the  auricular  contraction 
As  soon  as  this  is  over  there  is  a  fall.  x.  due  to  the 
blood  nishinf,'  into  the  dilating  auricle;  this  is  inter- 
rupted by  c.  a  wave  caused  by  the  sudden  systole  of 
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the  ventricle  closing  the  auriculoventricular  valves 
with  a  snap  and  communicating  a  shock  to  the  auricle 
and  jugular  vein  ;  it  occurs  at  the  commencement  of 
systole,  and  marks  the  onset  of  systole  in  the  venous 
pulse. 

During  ventricular  systole  the  auricle  fills  and  the 
pressure  in  the  jugular  vein  rises,  causing  the  7'  wave. 
As  soon  as  systole  is  ended,  the  auriculoventricular 
valves  open  and  a  sudden  drop  occurs  ^y-  in  diagram), 
as  the  blood  rushes  into  tlic  ventricle.     Consequently 
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tho  summit  of  .'  «)r  the  rommciicemtMit  of  y  marks 
the  nid  of  ventricular  systole.  The  :■  wave  is  com- 
monly notched  or  in  two  portions.  Phis  division  of 
V  marks  the  rlosinp  of  the  artfrial  valves. 

A  tracing  of  the  radial  pulse  is  taken  at  the  same 
time  to  serve  as  a  record  of  the  ventricular  action. 
It  s.hould  be  noted  that  the  radial  pulse  occurs  ,'„ 
second  after  the  carotid  pulse.  Let  us  now  discuss 
how  a  tracinf<  is  read  and  what  evidence  may  be 
obtained  from  it. 

As  soon  as  the  machine  is  stop])ed,  each  jien  should 
hv  moved  so  as  to  mark  on  the  paper  the  point  at 
which  each  lever  stopped.     These  marks  are  called 
ordinates,  and  are  important  for  measuring.     \Nith 
a  pair  of  calipt/s  the  distance  between  the  ordinate 
and    the   commencement    of    a    radial    upstroki-    is 
measured.     By  means  of  the  time-marker  ,»„  second 
is  added  on  to  this  distance  to  allow  for  the  earlier 
onset  of  the  pulse  in  the  neck.      If  one  end  of  the 
caliiKTs  is  now  placed  on  the  venous-pulse  ordinate, 
the  other  will  mark  the  onset  of  ventricular  systole 
in  the  venous  pulse,  and  a  wa\e  will  be  found  rom- 
menciuK  its  upstroke  at  this  jwint.    This  is  the  c 
wave.     Having  marked  this  on  the  tracing,  a  wave 
will  be  found  about  \  second  previous  to  this,  and 
this  will  be  the  a  wave.     Shortly  after  the  c  wave 
will  be  found  the  v  wave,  and  the  summit  of  v  will  be 
found  to  synchronize  with  the  dicrotic  notch  in  the 
radial ;  in  other  words,  the  distance  from  c  to  end  of 
V  is  the  length  of  the  ventricular  systole.     The  com- 
mencement of  V  is  not  a  tixed  point,  as  it  depends  on 
the   venous   pressure  ;   the  higher  the  pressure  the 
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••ailicr  it  will  appt-ar,  ..<  th.-  auri>  I.'  will  lill  more- 
<|iii«  kly.  In  rusts  whrre  thr  a  wave  is  doubtful, 
owin;,'  to  diastoh'  Ixini,'  \(iy  Nhort.  as  in  rapidiv' 
Ix-atuii;  hearts,  the  fixation  of  the  Mimmit  of  ;•  will 
often  help  in  dctmninirn,'  whi-  h  i>  the  a  wave  and 
which  th<!  ;•. 

liie  interval  between  the  eonimen.enient  of  a  and 
c  is  normally  !  scrond.  and  is  used  as  a  measure- 
ment of  tiir  time  tak<-n  for  the  >timulus  to  rea.h  th.' 
v«  ntriele  from  the  sinu-auri.ular  node.  Any  increase 
of  the  u  c  interval,  as  it  i-.  railed,  is  looked  iiyKm  as 
;tii  indication  of  delay  in  the  conductivity  of  th.; 
auri.ulov.ntrirular  bundl.-. 

lu  slow-actiuK  liearts  a  fourth  wave  (//  in  diagram) 
in.iy  be  sometimes  found ;  this  occun>  in  (;arly 
diastole,  and  is  accompanied  by  the  third  heart 
sound,  ft  is  caused  by  the  sudden  rush  of  blood 
into  the  dilating  ventricle  floating  uj)  the  <  usps  .)f 
th.?  auriculoventricular  valves  and  momentarily 
closing  them. 

The  venous  pulse  is  thus  n.)rmally  composed  of 
three  waves  to  every  systole  of  the  ventri.  le.  and  this 
IS  known  as  the  auricular  type  of  venous  })ulse. 

In  some  conditions  the  a  wave  may  entirely  dis- 
appear, so  that  the  venous  pulse  consists  n(  two 
waves,  the  c  and  v,  and  these  may  again  bo  fused 
into  one  broad  wave.  These  w.ive's  fall  entirely  in 
the  ventricular  systole  ;  hence  it  is  called  the  ven- 
tricular venous  pulse. 

The   \entricular  type  of  ven.Mis  pulse  occurs  in 
th.-  following  conditions  :  — 

I.  In   rapidly-heatinc:  hearts   w!.  iv    uu-   a    wave 
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falls  on  the  prccodiiifj  c  or  ;•  waves,  ff  conduction 
bt"  imj)aireil  and  the  a-c  interval  loni:.  it  is  easv  for 
the  a  wave  to  occur  ( oincidently  with  the  jjrecedin;^' 
c  wa\e. 

2.  In  conditions  of  marked  increase  in  venous 
pressure  in  the  rif,'ht  auricle  and  ^reat  \eins  -the 
polyirra])h  may  fail  to  rccorfi  the  a  wa\e. 

3.  In  atrio\entri«  ular  rhythm  where  the  auride 
and  ventricle  are  beatintj  synchronously. 

4.  In  auricular  fibrillation,  where  the  auricle  no 
longer  contracts  normally.  As  will  be  seen  later, 
the  heart  is  completely  irreijular.  and  small  irregular 
waves  may  be  sometimes  detected  in  the  venous 
puls<:  du(>  to  the  tibrillary  contractions  of  the  aurick-. 


The  electrocardiograph  is  a  more  exact  method  of 
registering  tin-  action  of  the  chambers  of  the  heart, 
and  is  of  use  in  analyzing  conditions  whicli  an-  not 
clear  in  jxilygraphic  tracings,  (ireat  strides  Iiave 
been  made  in  experimental  physiology  and  in  dia- 
gnosing abnormal  rhythms  in  man  by  means  of  it> 
use. 

("ardiac  muscle,  like  all  muscle,  gives  rise  on  con- 
traction to  differences  in  ilectriral  potential,  and  as 
a  wave  of  contraction  passes  through  the  heart,  a 
wave  of  electro-negativity  pa>ses  with  it.  If  the 
base  and  a]H'X  of  a  heart  are  joined  up  to  a  string 
galvanometer,  minute  currents  pass  through  it  and 
cause  certain  deflections  of  the  string. 

It  is  found  that  these  currents  may  also  be  led  off 
from  the  limbs  of  patients  :  thus  we  may  get  tracing? 
from  right  and  left  arm>,  right  arm  and  left  log,  and 
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left  arm  and  left  Ic.^^  TIk-so  ar.  nspertivrly  known 
•-'s  Kads  I.  II.  and  III.  Lead  II  i.  the  on.  most 
romnionly  usc-d,  hut  in  ras.s  of  dirti<ultv  hilp  may 
ho  obtained  from  all  time. 

A    string   f,'alvanometor   works   on    the    foUowin- 
ininciplo.     If  an  .  lectriral  ron<hirtor  in  the  shai>c  of 
a  nno  thread  bo  ])htrrd  bctw,rn  the  ma^nrtic  ]x>los 
<>1  a  i^owerful  electromaKiiot,  it  is  f„nnd  that   should 
nnnut.'    currents    be    ],assed    through    the    fibre      i 
<l<tIection  of  the  r.bre  o<rurs  nlativ,-  to  th,-  strenL'th 
of  the  current.     .Also  it  is  found  that  currents  passin- 
in  one  direction  cause  a  defltvtion  tn  nno  side   while 
n-vrMsmg    the    current    caus.s    a    deflection    to    the 
^•]>posite    side.     The    fibres   are   made   „f    vrry    tine' 
silvered  quartz  or  line-drawn  platinum. 

h^  the  Cambridge  pattern  the  ]k)1cs  of  the  ma:,Miet 
<no   dnlled   through   the  ce-itre  and  a   telescope   is 
placed  m  position,  so  that  if  the  light  from  an  arc 
l.nnp  be  thrown  throu.^h  the  telescope,  the  shadow 
"t  the  stnn«    may  be    focussetl  on   a    i.hotographic 
..!>paratus  with  a   moving  plate  or  jjaper,  and  any 
<1<  flections  ..f  the  string  will  be  reprodu<:ed      -\  tim.  - 
'.jarker  is  arranged  to  mark  !,  or  ,r  second  on  the 
l>l'otograph.  and  in  this  way  an  accurate  timing  of 
iuiy  movements  of  the  string  may  bo  determined 
,.  "  ;'  ^''C'-man-pattern    instniment  the  principle  is 
shght  y  .htferent  :    the  .onducting  fibre  is  passed  up 
and  down  between  the  poles  of  tlu>  magnet,  and  !t 
vvry  small   mirror  is  r  ...-.aued  un   to   the   strings 
1  hus  the  current  passe     up  one  .string  an.l  down  the 
"ther.  causing'  a  deflection  in  one  direction  in  one 
-tnng  and  the  opposite  deflection  in  the  other  •  this 


i 


r.4  THK     HKAKT 

causes  a  deflect  ion  of  the  mirror,  and,  if  a  powerful 
litlht  be  thrown  on  the  mirror,  the  movements  of  the 
reflected  beam  of  h!,'ht  may  Ix'  photographed  on 
movinj;  sensitized  ])ap<T.  This  ap])aratus  has  four 
strings  placed  side  by  side,  and,  by  means  of  an 
electric  microphone  which  transforms  sf)imds  such  as 
the  heart  sounds,  or  movements  of  columns  of  air 
such  as  we  get  from  records  of  ].nilses,  into  electric 
currents,  simultaneous  records  of  the  heart  currents, 
heart  sounds,  and  arterial  and  \enous  pulses  may 
be  taken. 

Simultaneous  tra(  ings  have  been  taken  with  the 
former  method,  but  it  requires  a  separate  light  and 
galvanometer  for  each  record. 

An  electrocardiogram  taken  with  lead  II  is  shown 
in  the  accom])anving  figure. 


^  sec 


We  see  that  there  are  waves  marked  P.  Q,  R,  S, 
and  T.  P  is  caused  by  the  auricular  systole,  and  is 
in  an  upward  direction.  Q.  R.  S,  and  T  are  causer! 
by  \entricular  systole.  Q  and  S  are  in  a  downward 
direction,  but  are  very  variable.  Q  is  hardly  shown 
in  the  figure  ;  S  is  larger  than  usual,  but  it  may  bt 
absent. 
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R  is  the  largest  deflection,  aiul  is  very  (|uickly 
over.  T  is  a  small  slow  deflection,  and  marks  the 
end  of  systole. 

This  form  of  electrocardiogram  occurs  when  the 
contraction  of  the  chambers  of  the  heart  takes  place 
in  the  normal  sequence  and  the  c<mduction  of  the 
excitation  wave  follows  the  normal  course.  Varia- 
tion  in  either  of  these  two  points  causes  changes  in 
the  forms  of  the  waves :  thus,  if  an  auricular  con- 
traction commences  in  the  base  instead  of  in  the 
upper  part,  the  p  wave  is  inverted. 

The  ventricular  complex  is  normal  so  long  as  the 
impulse  reaches  the  ventricular  muscle  bv  means  of 
the  auriculoventricular  bundle  ;  but  if  a  contraction 
starts  in  the  ventricular  muscle,  an  abnormal  com- 
plex api>ears  which  varies  according  to  the  place  of 
origin  of  the  abnormal  Jbeat.  In  the  same  way,  if 
one  of  the  branches  of  the  auriculoventricular 
bundle  be  blocked,  the  stimulus  reaches  the  muscle 
of  that  ventricle  by  some  abnormal  path,  and  a 
variation  in  the  complex  is  produced. 

For  the  various  types  of  complexes  associated 
with  abnormal  beats,  the  reader  is  referred  tft  text- 
books. 

The  P-R  interval,  corresponding  to  the  a  c 
interval  of  polygraphic  tracings,  may  be  very 
accurately  measured,  and  is  found  to  var>-  in  normal 
persons  from  01 2  to  018  sec. 

-Most  of  this  time  is  taken  for  the  stimulus  to 
traverse  the  auriculoventricular  node.  .Any  increase 
of  this  interval  means  delay  in  conductivity  in  some 
l)art  of  the  auiiculo\entricular  bundle. 
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HEART  RHYTHMS. 
It  has  beon  stated  that  the  norni.il  rhythm  of 
the  heart  starts  in  the  sinu-auiicuhir  node,  which 
has  b<?en  termed  the  '  pace-maker  '  of  the  heart. 
The  proof  of  this  lies  in  experimental  work  on 
animals.  The  ref,'ion  of  the  node  is  the  tirst  point 
in  the  lu^irt  to  become  electr  )-net,'ative.  Klectro- 
cardioKraphically  the  complex  of  auricular  activity 
in  normal  beats  is  identical  with  the  complex 
obtained  in  a  beat  originated  in  this  »  ion  by  a 
mechanical  stimulus,  and  a  similar  con  j.icx  can  be 
obtained  from  no  other  portion  of  the  auricles. 

In  a  normally  beating  heart,  coolint;  the  region  of 
the  sinu-auriiular  node  slows  the  rate  of  beat,  warm- 
iuK  it  accelerates  it,  and  this  is  the  only  part  of  the 
head  which  reacts  in  this  way.  If,  however,  the 
sinu-:iuri(  ular  node  be  cooled  with  ice-cold  water,  a 
tlifferent  rhythm  starts,  which  has  been  proved  by 
thr  electrocardiograph  to  originate  in  the  auriculo- 
ventricular  node,  and  called  the  atrioventricular 
rhythm. 

In  dogs  the  auriculoventricular  node  has  an  up- 
ward prolongation  which  extends  round  the  coronary 
sinus,  and  is  divided  into  an  auricular  portion  and  a 
ventricular  i)ortion.  The  former  is  the  i)rolongation 
in  the  neighbourhood  of  the  coronary  sinus,  the 
latter  further  forward.  Kach  of  these  portions  has 
i)oen  found  ca])able  of  originating  a  rhythm  of  its 
own.  It  i<  known  that  a  rhythm  can  originate  fiom 
the  auriculoventricular  node  in  man,  but  no  auricular 
jwftion  of  the  node  has  as  yet  been  described. 

Other   methods,   such    as   excising,    clamjnng,    or 
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]K»isonini,'  the  sinu-auricular  node,  have  b.i'n  foun<J 
rfficarious  in  producing  an  atrioventricular  rhythm. 
If  the  auri(  ulovcntricular  node  be  put  out  of  action, 
a   rhythm  starts  in   the    Pnrkinje  fibres    Ik-Iow  the 
node,  forming  what  is  known  as  the  ichoventrirular 
rhythm.     So  that  then-  are  thnr  main  pa.  e-makers 
of  the  heart,  which  may  R])Iaceeaeh  other  if  necessity 
arises,  each  successive  rhythm  in  the  orth  r  described 
bcin^'  of  a  slower  rat.    than  tlu-  ])revious  one.     This 
arran^'ement  prevents  the  rhythm  in   action   beinf,' 
mterfered  with  by  a  rhythm  of  a  lower  order  ;   but  if 
owiuf,'  to  (lis.-ase,  a  p...«.  maker  of  a  lower  rhythm" 
b.comes  more  irritable  th.ni  that  of  a  hifjher  rhythm 
the  lower  rhythm  may  .isM-rt  itself  and  replace  that 
of   the   higher.     In    the   same  way,  anv   particular 
portion  of  the  muscnlatun-  r,f  the  heart  may  have 
Its  irritability  so  increased  that  a  rhythm  may  start, 
having;  its  origin  in  this  irritated  "focus.     In  slow- 
.ictin^'  hearts  with  a  sinus  rhythm  we  do  occasionally 
s.'e  an  escaped  beat  or  a  short  series  of  beats  belon:,'- 
in.ir  t.)  a  lower  rhythm  aplx'arin^  in  a  tra.infi. 


PROPERTIES     OF     CARDIAC     MUSCLE. 

Heart  muscle  carries  on  its  work  by  means  of  five 
s])ecial  functions.  These  are :  (i)  Stimulus  prr,- 
<luction  ;  (2)  Conductivity  ;  (3)  Kxcitability  ;  (4) 
(ontractility  ;    (5)  Tonicity. 

Ordinary  muscles  n^main  immobile  till  some  nerve- 
cell  discharges  a  stimulus  which  is  conducted  by  a 
nerve-fibre  to  the  muscle,  which  then  resi>onds  to 
the  .stimulus  with  a  contraction. 
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Heart  mux  K-.  if  suitably  nourished,  will  contract 
rhythmically  when  isolated  from  the  body  and  all 
its  nervous  connections  ha\e  been  cut  ;  therefore  it 
is  certain  that  it  receives  its  stimulus  from  within. 
We  know  that  the  stimulus  commences  at  the  sinu- 
auricular  node.  If  this  stmcture  be  minutely 
studied,  we  find  that,  in  the  words  of  its  discoverer. 
"  it  (insists  of  pale  <ardiac  muscle  fibres  with  which 
the  nerves  appear  to  become  actually  continuous. 
This  tissue,  apparently  intermediate  in  nature 
between  muscle  and  nerve,  is  characteristic  of  the 
simi-auricular  node ".  It  therefore  appears  that 
these  modified  muscle-cells  have,  durint;  devclo])- 
ment,  taken  to  themselves  one  of  the  pro})erties  of 
nerve-cells,  namely  the  orij^'inatint,'  of  impulses.  But 
it  differs  from  an  ordinary  nerve-cell  inasmuch  as. 
instead  of  sending  out  a  rhythmic  series  of  stimuli 
such  as  causes  a  tetanus  in  an  ordinary  muscle  per- 
forming \oluntary  movement,  it  originates  one 
stimulus  causing  one  contraction. 

In  the  same  way  the  muscle  of  the  auriculo- 
ventricular  bundle  has  developed  the  i)roperty  of 
conducting  an  impulse  as  nerve-fibres  do.  The  rate 
of  conduction  has  been  estimated  at  about  5  metres 
I)er  second,  which  is  much  neanr  the  rate  of  con- 
duction by  muscle  than  nerve,  ner\'Ous  impulses 
l>eing  conducted  more  quickly. 

Excitability  and  contractility  are  properties  of  all 
nmsdes.  and  are  very  intimately  connected ;  the 
former  consists  of  the  power  to  receive  a  stimulus, 
and  the  latter  the  power  of  contraction  on  its 
n^eipt.     The  latent  period  between  excitation  and 
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tlu-  commencement  of  contraction  is  about  ooor  see. 
in  both  skeletal  and  cardiac  muscle. 

It  used  to  be  thought  tliat  heart  muscle  (littered 
from  skeletal  in  that  submaximal  contractions  could 
be  obtained  in  the  latter  but  not  in  the  former. 
lUit  these  submaximal  contractions  are  in  realit\ 
maximal  *ontractions  of  some  of  the  muscle  fibres, 
while  a  stronger  stimulus  tauses  contriction  of  more 
libres.  and  so  on  up  to  the  maximal  contraction. 

This  practical  responst-  i>  prob.iMj  imix)ssible  in 
cardiac  muscle.  The  interlacing  of  cardiac  fibres 
and  the  wide  ramification  of  the  Purkmje  system  of 
conduction  libres  ensure  that  contraction  is  carried 
out  by  every  fibre  in  the  cardiac  muscle. 

These  two  kinds  of  muscle  also  differ  markedly  as 
to  their  refractory  period—the  time  after  a  con- 
traction during  which  the  muscle  is  unable  to  resp<;iid 
to  another  stimulus.  In  skeletal  muscle  this  is  \  cry 
short,  about  00015  ^^■.  whereas  in  cardiac  muscU- 
it  is  about  04  sec.  It  is  of  course  owing  to  this 
property  that  tetanization  of  cardiac  muscle  is  im- 
jKjssible. 

Tonicity-  The  tone  of  muscles  may  be  detined  a^, 
the  tension  in  its  fibres  while  relaxed.  No  muscle 
relaxes  to  its  utmost  extent,  but  is  kept  in  a  state  of 
partial  contraction  or  tension.  The  tone  of  skeletal 
muscle  is  kept  up  by  means  of  a  reflex  nervous  path 
having  a  centre  in  the  spinal  cord,  and  it  is  controlled 
by  the  central  nervous  system.  Any  break  in  this 
reflex  arc  causes  loss  of  tone  and  complete  relaxa- 
tion of  the  fibres  of  the  muscle  concerned. 

In  cardiac  mnscle   this  is  not   the  case,  for  thi- 
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iMTfused  lurirt  In-atini^  in  the  laboratory  retains  its 
ton.-.     It  will  b<.-  sen  later  that   the  nerves  to  the 
lieart   fi..n)   the  central  nervons  system  have  some 
niHuence  .)n  tone,  hut  the  ehi.f  nnution  of  tonicity 
lies  within  the  heart.      It  apjx-ars  that  the  charact.T 
of  the  blood-supply  has  a  f^-reat  deal  to  do  with  it. 
masinurh  as  it  has  been  ])roved  experimentally  that 
the   volume  of  the  perfused  heart  becomes  smaller 
if  the  calcium  salts  be  increased,  while  it  becomes 
l;iri,'er  if  the   potassiiim   salts  are   in(  rea.srd.   in  the 
l>erfusin,t,'   fluid.     Thus,   calcium    seems    to   increase 
tonicity,   p)tassium    to   decrease    it.     .\n    excess  of 
«;irbon  dioxide  in  the  blood  also  decreases  tonicity, 
rhe   dei^Tee   of   tone   determines   the   size   of   tlie 
veiitri.ies  and  therefore  the  (nitimt  of  blood  ;  in  f;>ct 
the  amount  of  blood  thrown  out  at  each  ventricular 
systole  is  th.>  mean  between  the  venous  pressure  and 
the  tone  of  th<'  muscle.     Loss  of  tone  is  a  determinini; 
fa(  tor  in  dilatation  of  the  heart. 

THE     NERVOUS  SYSTEM     OF     THE     HEART. 

Although  the  heart  can  b<-at  normally  under  suit- 
able conditions  when  removed  from  the  body,  in  lift' 
it  is  to  a  ,i;n?at  extent  controlled  by  the  central 
nervous  system.  The  medulla,  from  which  all  the 
vital  functions  of  the  body  are  controlled,  is  the 
home  of  cardiac  control.  Jle.e  are  situated  the  vat^us 
luidei,  both  motor  and  sensory,  and  intimately  con- 
nected with  :t  is  the  vasomotor  centre.  Stimufi  from 
the  heart,  .^-n-at  vessels,  and  all  parts  of  the  body, 
are  continually  arrixinj;  there  by  means  of  the 
aflerent  fibres  of  the  sensory  nerves,  and  as  a  result 
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of  these  iiRssasos  the  heart  is  slowed,  accelerated 
etc.      The  efferent  ner\es  < ontrollin.^  the  heart  arc 
the  vapi  and  the  synij)athetic. 

The  iinindses  reaehini;  the  heart  from  the  va-'us 
are  inhibit<,ry.  causing-    (i)  Slowing  ,.r  st..ppm;^\,f 
the  heart-beats  :     (j)   Lowering  of    eonductivitv  oi 
contn.  tihty  ;     (.',)  Alteration,   in    tonicity      It    h.s 
been  shown  in   animals,  and  to  a   certain"  extent  in 
man.  that  the  vagi  on  the  two  sides  difur  in  their 
.-.ction.     The  right  vagns  aj^pears  to  act  mainly  <,n 
the    pace-maker    of    the    heart  -the    sinu-auricular 
node- thereby  shnving  or  temporarily  sto])pinK  the 
heart.     The  left  yagus  acts  more  on   the  auncnlo- 
ventncular  node,  prodm  ing  flelay  in  the  a -c  interyal 
or    eyen    heart-bhxk.    jxirtial    or    compK-ti-      It    is 
thrmght  by  many  that  stimulation  of  the  yat.us  may 
cause  a  weakening  of  the  contractions,  but  it  is   i 
difficult    matter    to    determine,    as    Kngihening    <,f 
diastole  tends  to   increa>(,-  the  contractile  innur  of 
the  heart  muscle. 

In  hearts  of  dogs  in  which,  by  cooling  the  sinu- 
auncular  node,  u-v  rhythm  has  been  obtainecJ  this 
rhythm  is  markedly  slowed  by  stimulation  of  thr 
vagus,  but  the  idioyentricular  rhythm  is  not 
affected. 

The  tone  of  the  h.rart  has  lepeatedK-  Ix-en  ^hown 
to  be  afk'Cted  by  stinudation  of  the  yagu>.  though 
the  results  are  somewhat  contradictory;  s(.metimes 
the  tone  IS  incn-ased.  at  others  it  has  been  dei^ress.-.i 
(  hanges  of  tone  from  drugs  whicli  have  been  j.roM-d 
to  occur  by  means  of  the  yagi.  are  prevented  by 
atropine,  which  paralyzes  the  vagi. 
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The  synipatlit'tic  tibns  nn*  su])plie(l  from  tin  rami 
«()mmmii<  antes  arising  from  tlic  upper  dorsal  and 
jiossibly  tho  lowor  cervical  nerves.  They  are  carried 
to  the  heart  by  means  of  branches  from  t'lC  cervical 
and  stell.ite  t,'anglia.  Their  action  is  the  direct 
ojqiosite  of  the  vaf,'i ;  their  stimuli  acceh-rate  and 
iuiiiment  the  lK;at  of  the  heart  and  increase  con- 
ductivity. Some  workers  have  also  been  able  to 
show  difierences  in  action  between  the  ripht  and  left 
accelerator  fibres,  the  right  being  concerned  mt)stly 
with  t'  •  sinu-auricular  node  and  causing  acceleration 
of  sinus  rhythm,  while  the  left  may  produce  a  v 
rhythm,  with  or  without  tachycardia.  The  experi- 
ments of  course  only  refer  to  animals,  though  it  is 
likely  that  the  same  effects  may  occur  in  man. 

1  he  rate  of  the  heart-beat  appears  to  depend  on 
the  balance  of  vagal  and  sympathetic  action.  liach 
is  continually  in  activity,  and  factors  which  increase 
the  one  usually  depress  the  other  ;  but  in  certain 
marketl  alteration  in  rhythms,  one  function  may  be 
completely  inhibited,  allowing  full  control  to  the 
other. 

riie  afferent  system  of  sensory  fibres  passes  up  to 
the  medulla  in  the  vagus.  It  has  been  shown  that 
each  beat  of  the  heart  sends  impulses  u))  to  the 
medulla  by  means  of  these  fibres  ;  in  addition  there 
are  some  special  fibres  from  the  root  of  the  aorta 
and  the  left  ventricle,  called  the  depressor  fibres  ; 
stinmlation  of  these  causes  general  dilatation  of 
capillaries,  producing  marked  drop  in  blood-pressure, 
thereby  giving  instantaneous  relief  to  a  heart  beating 
against  a  jjressure  tO(<  high  for  its  powers. 
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I  here  is  n<.  doubt  that  pain  does  aris,.  in  th.-  heart 
Itself,  but  tho  precisr  naturr  of  th«-  pain-provoking 
stimulus.  ..nd  the  path  by  means  of  which  it  is  linked 
up  with  th.;  afferent  cardiac  nerves,  has  not  yet 
been  demonsti.ited, 

CARDIAC  IRREGULARITIES. 
Cardiac  irre^nilarities  may  U-  classiiied  according 
to  the  site  of  origin  of  abnormal  action  in  the  ncuro- 
inus-ular  .l.-ments  of  the  heart,  and  fall,  therefor.- 
into  tlu-  following  gr()ui)s :  (i)  frn^ularUics  of 
turvous  orii^in:  (2)  Defects  in  conductivitv  (j)  /;/. 
creasied  excitability  ;    (4)  Defects  in  contractility. 

I.  Irregularities  of  Xerrotis  ^^n;!^///.  -I^xix-riments 
have  proved  that  stinmlation  of  any  sensory  nerve 
aftects  the  heart-rate.     In  lif,>,  anv  emotion,  move- 
ment of  the  body,  or  activity  of  organs  sends  imi)ulst.-s 
to  the  brain  by  the  sensory  nerves,  but  thev  are  too 
small    to    bring   about    d    nges   of    th.-    heart-rate. 
1-orced    movements,    and   great   emotions -such   as 
fright,  anger,  or  pain     prochue  impulses  which  do 
affect  the  rate.     Stimm    which  are  not  strong  enough 
to  cause  changes  in  rate  may  <lo  so  in  conditions  of 
nervous  instability,  or  in  children.     Thus  ordinary 
breathing,  swallowing,   yawning,  digestive  activity, 
or  smoking   may  cause    irregularity  of    the   heart.' 
This  irregularity  is  named  sinus  arrhvlhmia.  inasmu(  h 
as  It  IS  caused  by  alteration  in  the  rate  of  stimulus 
production  in  the  .sinu-auricular  node. 

This  type  of  arrhythmia  m  ly  also  occur  in  menm 
t^'itis,  or  other  condition,  of  increased   intracranial 
tension,  in  tumonrK  pr^.^ing  on  the  vaga>,  or  froi.i 
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(Inif^.-  -lull  ;iN  <liiL:itali>.  Orcasionally  ra'«t>  an  nict 
with  in  uiiidi  stand-still  of  tlu-  uholf  heart  for  mhhc 
s(( oiuls  has  been  caused  by  va^al  inhibition,  and  one 
( asf  has  been  recorded  where  cerebral  an;emi;i  from 
this  I ondition  caused  loss  of  consciousness  and  con- 
vul.-.iforn>  movements  such  as  occur  in  the  Stokes- 
Adams  syndrome.  Sinus  arrhythmia  is  easy  to 
<letert  in  polyj^'raphic  tra(  inf,'s.  The  vinous  pul.->e 
shows  th.it  each  beat  i-  a  normal  se<|uence.  After  a 
seriis  of  rapid  beats  there  mav  be  a  pause  suf;j.;estinf,' 
the  pause  after  a  premature  lx;at  ;  but  on  accurate 
measurement  of  the  pulse  i)eriod>.  the  siicceedin;; 
ones  will  be  seen  to  p't  j,'radually  shorter  till  another 
series  of  rapid  beats  will  (m(  ur.  The  respiratory 
rhythm  can  usually  be  seen  in  the  venous  tracing, 
and  the  periods  of  slow  and  rjuick  beats  may  Ixr 
seen  to  < ()rres]>ond  with  inspiration  and  expiration. 
Respiratory  sinus  arrhythmia  is  extremely  common 
in  children. 

2.  Defect's  in  Conductivity.  -Wii:{\.>  in  conductivity 
may  occur  either  from  nervous  influences — for  we  have 
seen  that  the  vagus  may  decrease  the  conductivity  of 
the  a-v  bundle- -or  from  patholofjica!  lesions  in,  or 
in  the  neighbourhood  of,  the  conduction  fibres.  The 
conunonest  of  these  are  gunmia,  aneurysm,  tumour, 
acute  inflanunatory  conditions,  librosis,  or  calcifica- 
tion. The  delay  may  be  of  any  intensity,  from  a 
mere  lengthening;  of  the  a-c  or  PR  interval  to 
eomplete  block. 

In  some  ca-e-^  of  rlu  uniatic  heart  disease,  polv- 
graphic  tracings  or  electrocardiograms  show  an 
increase  of  the  n-c  or  P-R  intervals;   if  the  process 
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goes  a  stage  further,  a  ventricular  contra.tu>n  max 
be  observed  to  fail  occasionally  owin,  to  condu"ti  .  • 
not  having  recovered  in  time  to  carry  the  stimulus 

n  ad^ "Th"  """"•  ''''''  '^  ^-tifully'shot^ 
wit     .    f  •  ''•  ^  '"'''■^■^  ^^  ^^^^"•'^"V  increased 

mo  t  J         •  "'"'  '^-'^  '"*^^^»  »^  "-^'"-'.  or 

bm^Hl*  •  """"'"^'^^  '^'  '°"^  P'-^"^  enabling  th.- 
bundle  to  recover  its  function  ;  but  then  the  steady 
increase  starts  again  tiU  another  contraction  is  m  ssed 
and  so  on.  If  a  heart  such  as  this  beats  mor  l",:  ' 
^le  longer  diastole  gives  the  auriculoventric^r' 
bundle  more  time  to  recover,  and  the  heart  blc^k 
decreases  ;  but  if  it  accelerates,  the  block  immediately 
becomes  more  intense.  u'«iiei> 

\yith  a  more  serious  defect  in  conductivity  the 
^entrIcIe  may  drop  out  more  frequently  and  mav 
on  y  respond  once  to  two.  three.V  mo.latroV 
the  auncle.  causmg  a  2-1.  3-1.  4-1  heart-block. 

la  complete  block  occur,  the  idioventricular 
rhythm  is  called  into  action,  while  the  auricircon 

ode     tT    "' '/  '''  '"*^*^°"  °^  ^^^  sinu-auricul;^ 
node      There  is  often  a  pause  of  some  seconds  before 
he  .dioventncular  rhythm  starts  ;  the  length  of  th^ 
eems  to  depend  on  (a)  The  suddenness  .'th  whrch 
the  b,    k  occurs;    and  (b)  The  healthiness  of  the 
v^ntncular  muscle.     The  more  suddenly  the  block 
occurs    the  longer  the  ventricles  take  to  start  their 
o^^'n  rhythni.  and  healthy  muscle  appeal^  to  respond 
more  quickly  than  diseased  muscle.    The  loss  of^n 
suousness  and  the  convulsions  which  occur  depend 
on  the  length  of  ♦h"  —^r-tH  .  1  "^^u»,  uepena 

c_ici._i..  or  ,n.   rcntncular  pause,  for  they  are 
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laused  by  the  cerebral  anaemia  resultinj?  from  the 
absence  of  the  pulse. 

The  idioventricular  rhythm  arises  somewhere 
between  the  auriculoventrirular  node  and  the 
ventricular  muscle,  for  the  » 'ectrocardiogram  shows 
a  normal  ventricular  complex,  proving  the  beat  to 
have  arisen  somewhere  in  the  Purkinje  system  of 
fibres.  It  is  regular,  and,  as  a  rule,  about  jo  per 
minute,  though  it  may  be  slower  or  quicker  ;  one 
case  is  described  where  the  rate  was  60  per  minute 
The  reason  for  this  variation  is  not  clear.  It  has 
been  proved  that  the  cardiac  nerves  have  no  effect 
on  the  idioventricalar  rhythm,  so  that  it  must  depend 
on  the  excitability  of  the  focus  giving  rise  to  the 
stimulus. 

The  regularity  of  this  rhythm  is  sometimes  inter- 
ru])tod  by  premature  beats  occurring  at  a  certain 
time-interval  after  each  beat.  These  are  ventriculai 
premature  beats  arising  in  the  ventricular  muscle, 
as  shown  by  the  electrocardiogram,  which  gives  an 
abnormal  complex  of  that  type.  The  pause  between 
the  premature  beat  and  the  next  idioventricular 
beat  is  always  of  the  same  length  as  that  of  a  cycle 
where  no  premature  beat  occurs. 

The  auricles  are  unaffected,  and  their  rate  of  beat 
is  still  governed  by  the  sinu-auricular  node,  the 
ventricular  beats  being  quite  independent  of  the 
auricles.  In  fact,  cases  have  been  described  where 
the  ventricles  have  been  beating  independently,  and 
the  auricles  have  been  fibrillating  or  fluttering. 

It  has  been  mentioned  that  during  the  inception 
of  the  idioventricular  rhythm  there  is  a  pause  in  the 
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ventricles  of  some  seconds  ;  in  some  cases  this  recurs 
at  varym.^  periods  and  is  of  varying  len.'th.  I>atients 
often  die  dunng  one  of  these,  but  again  in  many 
cases  the  rhythm  goes  on  perfectly  regularly,  and  may 
remain  so  for  years,  till  the  patient  dies  of  some 
intercurrent  affection. 

This  varies  with  the  lesion  causing  the  heart-block 
If  the  lesion  is  a  progressive  one.  such  as  acute  inflam- 
mation ulceration,  or  tumour,  it  may  spread  and 
cause  further  damage  to  the  Purkinj..  system  at  a 
lower  level ;  but  an  unirritating  lesion,  sucli  as  fibrosis 
scarrmg  or  .  alcifiration.  will  remain  (,uies.  .-nt  after 
the  mitial  damage. 

There  is  uo  difficulty  in  n   ognizing  heart-block 
partial  or  comj.lete.  by  means  of  tracings  (,r  electrical' 
<urves.     In   partial   hUnk   it   will   be  seen   that   no 
r  or  J-  wave  <,ccurs  during  the  radial  pause,  but  that 
the  a   wave   is  present   m   the   situation   expected 
The  a-c  interval,  where  the  ventricle  contracts,  will 
a  so  b<  .een  to  be  Ioniser  than  normal.     In  complete 
block  the  a  waves  are  as  a  rule  well  marked,  and 
will  be  seen  to  occur  regularly  quite  independent  of 
the    ventncles.    which    beat    slowly   and    regularly 

unless  disturbed  by  i>remature  systoles.     These  .an 

be  easily  recogni/.ed  in  the  radial  pulse. 

It  may  l)c  confounded  with  stand-still  of  the  whole 

heart  asso<:iated  with  vagal  inhibition  ;  but  the  absence 

of  a  waves  during  the  pause,  and  the  normal  sequence 

ol  a    c,  and  r  waves  when  a  contracti(..n  does  occur 

disclose  Its  mechanism. 
Some   cases  of   complete   heart-block   have   been 

described  where  no  abnormality  has  been  found  in 
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the  conduction  system  afttr  dcatli ;  and  a«ain,  otlu'ts 
have  been  rcoordod  where,  although  no  dissociation 
occurred  during'  life.  se\ere  i)atholo|-ical  lesions  have 
been  demonstrated  in  the  auriculoventricular  node 
and  bundle  which  would  appear  to  have  completely 
destroyed  tlu;  bundle.  These  cases  cannot  be 
accounted  for  by  our  present  knowledi^e. 

Partial  heart-block  is  in  many  cases  due  to  vaj^-al 
depression  of  conductivity.      This  may  be  demon- 
strated by  injecting  ^\,  pr.  atropine,  which  paralyzes 
the  nerve-endings  of  the  vagus.     If  due  to  this  cause, 
the  heart-block  passes  off  as  soon  as  the  rate  quickens 
and  conductivity  is  restored.     It  has  been  thought 
that  this  might  accoimt  for  some  of  the  case^  of 
complete  heart-block  with  no  demonstrable  lesion  : 
but  in  one  case  at  least  atropine  made  no  difference 
to  the  block,  and  yet  no  lesion  was  found  after  death. 
Partial  heart-block  has  been  recorded  in  a  number 
of  rases  of  rheumatic  carditis,   and   idso   in  pneu- 
monia, influenza,  and  diphtheria.     It  usually  passes 
off  after  a  few  days. 

Complete  heart-block  occurs  in  acute  rheumatism, 
typhoid  fever,  pneumonia,  dii)htheria,  ulcerative 
endocarditis,  aiid  in  gonococcal  septicaemia. 

Most  examples  of  heart-btock,  of  all  degrees,  are. 
however,  met  with  in  chronic  disease  su.  h  as  cardio- 
sclerosis and  cardiac  syphilis. 

3.  Irregularities  from  Increased  Excitability. ~\\\y 
part  of  the  c.rdiac  musculature  which  is  in  a  state 
of  increased  excitability  may  give  rise  to  a  stimulus 
which  causes  contraction.  Thus  a  premature  con- 
traction may  arise  from  any  i)art.  and  may  thcref.re 
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be  auricular,  ventricular,  or  nodil.  If  the  irritation 
be  severe  It  may  lead  to  a  short  series  of  beats  from 
this  situation,  and  in  extreme  conditions  may  caus<- 
lung  senes  of  abnormal  beats,  or  in  other  words  the 
normal  rhythm  may  be  replaced  by  a  rhvthm  .tart- 
inp  from  the  irritab'-  focus,  and  paroxysmal  attacks 
ot  tachycardia  originate. 

^iftgle  Premature  CoHlractions.-VremsUmi^  .-on- 
tractions  arise  from  the  initiation  of  a  stimulus  m 
any  part  of  the  musculature  of  the  heart ;  thus  thev 
Tnay  start  in  the  auricles,  ventricles,  or  the  aurimlo- 
ventncular  bundle  or  node. 

The  site  of  origin  may  be  determined  from  polv- 
Jjra}.hic  tracings.  In  auricular  extrasystoles  a 
premature  a  wave  is  found,  followed  by  a  c  wave 
which  coincides  with  the  small  l«^at  in  the  radial' 
Ihe  a-c  interval  is  usually  prolonged  owing  to  the 
conductivity  not  having  perfectly  recovered  its 
iunction  :  the  earlier  in  diastole  the  premature  l>eat 
|><curs,  the   more    prolonged    th.-  a- c    interval    will 

if  the  Nentricles  beat  prematurely,  the  auricles 
contract  at  their  normal  time,  receiving  a  stimulus 
rom  the  smu-auricular  node,  and  the  ventricular 
b-at  o<curs  independently  of  the  auricular. 

VShen  pol3'graphi.-  ^racings  are  studied,  it  will  Ix* 
seen  that  the  ventricular  beat  may  <Kcur  synchron- 

s  .ghtly  after  the  c  wave.  In  these  cases  the  stimu- 
Jn>  from  the  auricular  beat  falls  on  the  ventri.le 
dunng  Its  refractory  period,  and  the  ventricle  does 
not  oniract  ;    h.,ice  there  is  a  pause  till  the  next 
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auricular  beat,  l-rom  beat  to  U-at,  excluding  the 
premature  contraction,  will  therefore  be  equal  to 
two  normal  beat>^.  This  is  what  is  known  as  a  fully- 
compensated  pause,  and  is  characteristic  of  ven- 
tricular j)remati:re  c(;ntractions. 

If  th'.-  premature  beats  occur  early,  or  if  the  heart- 
rate  is  slow,  the  auricular  contraction  occurs  at  an 
appre(  iable  interval  after  the  ventricular  premature 
beat,  and  the  stimulus  may  fall  on  the  ventricle  after 
Its  refractory  jx-riod.  in  which  case  the  ventricle  will 
contract,  and  a  normal  rhythm  is  seen,  save  that  one 
premature  ventricular  contraction  occurs  between 
two  normal  bt-ats.  This  is  termed  an  interpolated 
premature  beat. 

If  the  venous  pulse  in  ventricular  premature  con- 
tractions be  studied,  we  hnd  cither  one  large  wave 
corresponding  to  both  a  and  c  when  the  contractions 
recur  simultaneously,  or  the  a  wave,  though  in  its 
normal  situation,  as  ascertained  by  measurement, 
may  follow  the  c  wave  of  the  premature  beat. 

We  have  seen  that  a  fully  compensatory  pause  is 
characteristic  of  ventricular  premature  beats-  in 
premature  auricular  contractions  the  pause  is'  not 
compensator>'.  This  is  said  to  be  due  to  the  fact 
that,  if  a  stimulus  arises  in  the  muscular  wall  of  the 
auricle,  it  passes  back  to  the  sinu-auricular  node  and 
discharges  its  stimulus-producing  material  ;  conse- 
quently there  is  a  pause  till  the  next  stimulus  is 
produced  at  the  sinu-auricular  node  ;  the  complete 
pause  will  therefore  be  a  normal  pulse  period  plus 
the  time  taken  for  the  premature  stimulus  to  reach 
the    smu-auricular    node.     If    the   premature    beat 
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originates  in  the  sinu-auricular  node,    the  pause  is 
tound  to  be  exactly  a  normal  pulse  period 

Beats  may  originate  in  the  conducting  mechanism 
of  he  heart,  cither  as  escaped  beats  of  a  lower  pace- 
maker or  as  premature  contractions.  The  latter  are 
frequently  found  arising  from  the  auriculo-ventricular 
node.  The  stimulus  is  conducted  both  ways— back 
to  the  auricles  and  forward  to  the  ventricles-and 
tnese  chambers  contract  almost  or  quite  simul- 
taneously. 

In  polygraphic  tracings  we  find  one  large  wave 
due  to  a  and  c,  as  in  some  ventricular  premature 
beats,  but  m  this  case  both  a  and  c  will  be  premature 
ihe  amcle  may  beat  shortly  before  the  ventricle 
but  the  a-c  interval  is  oi  or  under.  There  will  h^ 
no  sign  of  an  a  wave  in  its  normal  place  as  there  is 
m  the  ventricular  premature  beats. 

Electrocardiograms  of  premature  contractions  are 
even  more  satisfactory  than  polygraphic  tracings  for 
diagnosing  the  site  of  origin.  An  auricular  premature 
beat  will  give  an  abnormal  auricular  complex  and 
a  normal  ventricular  complex,  while  all  ventricular 
premature  beats  give  abnormal  complexes,  and  the 
type  of  complex  will  l(K:ate  the  position  of  the  focus 
initiating  the  beat.  A-v  or  nodal  premature  beats 
usually  show  an  inverted  auricular  complex  occurring 
just  before  the  R  of  the  ventricular  complex. 

The  cause  of  premature  beats  is  n..t  per^tx:tly 
determined.  We  knov,  from  experiment  that  elec- 
tncal  stimulation  and  other  methods  which  cause 
an  irritable  focus  will  produce  them,  but  they  occur 
in  healthy  as  well  as  in  unhealthy  hearts.     There  is 
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-^ome  reason  to  think  that  over-distention  of  a 
*;irdiar  chamber  may  provoke  it  to  premature 
contraction, 

For  instance,  auricular  premature  beats  are  verv 
common  in  mitral  stenosis,  where  the  auricle  has 
difficulty  m  emptying  itself  and  is  therefore  fuller 
than  m  health  ;  but  one  cannot  exclude  the  i)ossi- 
bility  of  disease  of  the  auricular  wall. 

Again,  in  any  case  with  frequently  recurring 
primature  beats  of  one  type,  the  time  relation  of  the 
abnormal  beat  to  the  preceding  beat  is  usually  the 
same.  This  i)oints  to  some  causal  connection  be- 
tween the  previous  beat  and  the  premature  beat. 

Nodal   extrasystoles  cannot   be  due  to  over  dis- 
tension ;  they  are  not  met  with  neariy  so  frequently 
iind  are  probably  due  to  some  functional  or  organic 
irritative  lesion  in  the  auriculoventricular  node  or 
in  the  blood-vessels  supplying  it. 

Premature  beats  are  common  in  adults  and  older 
people,  but  not  in  young  children.  Acceleration 
due  to  exercise  tends  to  diminish  them  in  healthy 
hearts,  but  to  increase  them  in  hearts  showing  signs 
of  overwork.  The  general  opinion  is  that  in  health 
they  have  no  significance,  but  that  in  hearts  whose 
reserve  of  power  is  failing  they  indicate  disease 
m  the  muscle,  and  that  they  may  lead  on  to  more 
and  more  frequent  premature  beats,  occurring  at 
lu^t  every  few  beats  ;  then  short  runs  of  premature 
beats  appear,  and  later  long  paroxysms  of  abnormal 
rhythms  set  in. 

A   few  cases  have  been   followed  through  where 
electrocardiograms  of  a  premature  beat  of  a  certain 
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t>  i>e  havf  boen  domonstrated,  and  later  on  paroxysms 
ct  tachycardia  have  been  shown  to  consist  of  a  series 
of  beats  identical  in  form  with  the  original  premature 
beats.  Thus  there  ran  be  little  doubt  that  premature 
beats  may  lead  on  to  prolonged  abnormal  rhythms. 
The  paroxyms  may  originate  from  the  auricle,^ 
ventricle,  or  auriculoventricular  node. 

Auricular  tachycardia  or  auricular  flutter,   as  the 
more  rapid  tachycardias  are  now  called,  is  by  no 
means  uncommon.   Rates  varying  from  160  to  460  or 
more  have  been  described,  and  proved  by  means  of 
electrocardiographic  curves.     The  ventricle  does  not 
respond  to  every  auricular  beat,  as  heart-block  of 
^'.  3.  4.  or  5  to  I  grade  may  be  present,  thus  acting  as 
a  protective  mechanism  ;  for  the  heart  would  rapidly 
fail  if  the  ventricle  tried  to  contract  to  each  auricular 
contraction.    This  fact  causes  difficulty  in  diagnosis 
as  shown   in    the    following   case    seen    by  us   not 
long  ago.     A  woman  suffering  from  mitral  stenosis 
with  a  considerable  amount  of  heart  failure  gave  a 
history  of  periodic  attacks  of  palpitation  and  a  feeling 
of  very  rapid  heart  action.     Her  heart  was  beating 
at  72  per  minute,  and  was  perfectly  regular.     It  was 
thought  that  these  attacks  were  due  to  paroxysmal 
tachycardia,  but  an  electrocardiogram  showed  that 
the  auricular  rate  was  216.     The  attacks  wtre  due 
to   the    grade  of    heart-block   decreasing   and    the 
ventncle  taking  up  the  auricular  rhythm. 

This  case  demonstrates  that  for  accurate  diagnosis 
It  IS  essential  to  use  graphic  methods.  Occasionallv 
rapid  movements  of  the  veins  in  the  neck  may  give  a 
clue  to  this  condition,  and  the  waves  are  often  shown 
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in  \i'n.)us  (ur\is.  but  in  the  majority  of  cases 
ctrtainty  of  diagnosis  can  only  be  attained  by  the 
eltctrocaniioKrain.  Probably  all  cases  with  attacks 
of  tachycardia  where  the  qui,  k  rate  is  a  multiple  of 
the  slow  rate  are  due  to  this  condition. 

The  heart  is  not  always  re,^allar.  as  the  grade  of 
heart-block  may  vary  from  time  to  time  or  from 
beat  to  beat.  This  may  disclose  the  nature  of  the 
irregularity,  as  the  varying  pulse  periods  l)ear  an 
arithmetical  relationship,  being  all  multiples  of  one 
auricular  contraction  period. 

The  attacks  may  begin  and  end  suddenly, 
givmg  a  paroxysm  of  auricular  tachycardia,  or  they 
may  continue  for  long  periods.  When  thev  cease, 
they  may  be  repladd  by  a  normal  sinus  rhythm  or 
by  auricular  librillation.  Full  doses  of  digitalis  seem 
to  ( ause  the  onset  of  fibrillation,  and  if  the  drug  be 
then  withheld,  the  heart  often  jumps  back  to  a 
normal  rhythm. 

Paroxysms  of  ventricular  tachycardia  are  rare,  but 
are  of  interest  physiologically,  inasmuch  as  a  retro- 
grade beat  of  the  heart  is  set  up  after  the  first  four 
or  five  beats,  and  the  auricle  then  responds  to  a 
•stimulus  conducted  backwards  from  the  ventricles, 
the  sinus  rhythm  being  for  the  time  in  abeyance'. 
At  the  end  of  the  paroxysm  there  is  a  pause,  and 
then  the  sinu-auricular  node  takes  on  control.  The 
condition  can  only  be  diagnosed  with  certainty  by 
the  electrocardiograph,  which  shows  an  abnormal 
type  of  ventricular  complex. 

Paroxysms  of  iwttal  tachycardia  also  occur,  each 
beat  of  which  is  the  replica  of  a  nodal  premature 
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boat.  The  paroxysms  start  and  end  suddenly,  and 
there  is  a  pause  between  the  offset  of  the  abnormal 
rhythm  and  the  onset  of  sinus  rhythm. 

In  studying  the  effect  these  rhythms  have  on  the 
litart  and  circulation,  one  must  take  into  account 
the  state  of  the  heart  prior  to  the  attack,     [f  tlie 
reserve  force  of  the  heart  is  fair,  a  paroxysm  rarely 
pves  rise  to  any  si^'ns  of  heart   failure  "till  it  has 
lasted  some  considerable  time  ;  but  this  also  dejiends 
to  a  great  extent  on  the  rate  of  the  tachycardia.     A 
rate  of  over  200  will  <  ause  signs  very  much  more 
•luickly  than  one  under  ;  but  most  patients,  provided 
they  lie  down  during  the  attack,  show  very  few  signs 
«)f  distress  and  very  rapidly  regain  thMr  accustomed 
activity  after  the  attack  is  over.     If  the  heart  b<- 
faihng  before  the  onset,  an  attack  very  soon  puts 
them   in    a   critical   condition.     The  tone   and  con- 
tractile power  become  exhausted,  the  ventrich's  are 
not  properiy  filled,  the  circulation  accordingly  slows, 
there  is  stasis  of  blood  in  the  capillaries  and  veins', 
tenderness    and    enlargement    of    the    liver    wcur' 
eyanosis  and  oedema  appiar,  and  death  may  ensue 
unless  the  paroxysm  ceases. 

Auricular  llutter  does  not  have  much  effect  on  the 
heart  or  the  circulation  provided  the  heart-bl(H:k 
keeps  the  ventricle  slow  ;  but  should  this  become 
ra])id,  the  same  effects  as  in  the  other  tachycardias 
ap])ear. 

Auricular  fibrillation  is  a  condition  in  which  the 
auricles  cease  to  contract  co-ordinately.  They  dilate, 
and  individual  fibres  or  groups  of  fibres  apjH-ai 
to   contract    in    an    irregular   manner,  so   that   th(; 
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;iuri(  ul.ir  immrlo  appt  ars  to  be  in  a  state  of  continual 
trtinor,  like  a  nnis«  Ic  undorf^'oin;,'  progressive  niusru- 
Jar  atrophj-. 

The  ventricles  rontrai  t  in  a  ( ontinuously  irregular 
manner,  both  as  to  rh\thni  and  force  ;  thus  no  two 
beats  of  the  same  length  appear  consecutively,  nor 
is  there  any  true  relationship  l)et\veen  beats  or  groups 
of  beats  as  in  auii(ular  flutter.  A  longer  ]iause  i- 
often  followed  by  a  small  beat,  while  a  short  pau-' 
may  be  .succeeded  by  a  larger  beat. 

This  ventricular  irregularity  is  caused  by  the  irregu- 
lar stimuli  arriving  from  the  libnllating  auricles.  ^ \i 
very  commonly  occurs  in  the  later  stages  f)f  rheu- 
matic heart  disease—more  particularly  mitral  stenosis 

but  has  been  known  to  <x-cur  during  the  tirst 
attack  of  acute  rheumatism  in  a  child.  It  appears 
frequently  in  hypertrophied  hearts  where  the  muscle 
is  degenerated.  .Attacks  may  be  paro.xysmal  at 
hrst,  but  more  often  the  condition  having  once 
started  remains  permanently.  It  has  been  known 
to  last  for  fifteen  or  more  years. 

In  cases  where  some  degree  of  defective  con- 
ductivity is  present,  a  varying  number  of  the 
irrigular  stimidi  may  be  blocked  by  the  conducting 
btmdh-,  and  the  ventricular  rhythm  may  be  slow, 
though  being  .still  absolutely  irregular.  If  the  block 
is  comi)lete,  the  idioventricular  rhythm  will  be 
jiresent  and  the  ventricles  regular.  The  actual 
cause  of  the  condition  is  not  definitely  known, 
though  several  hypotheses  have  been  put  forwar.l. 
The  chief  of  these  are  :-- 

(•/)    I  hat  the  auricular  muscle  is  in  an  extrenii-Jv 
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excitable  and  irritable  state,  and  that  stimuli  are 
produced  at  many  sites  in  the  auricle  at  the  ->ame 
time,  thus  causing  inco-ordination.  (b)  That  the 
conduction  from  fibre  to  fibre  in  the  muscle  may  be 
blocked  in  varying  degree  ;  thus,  the  wave  of  con- 
traction would  travel  at  varying  rates  in  different 
parts  of  the  muscle.  This  would  cause  inoo-orduia- 
tion.  (c)  That  disease  of  the  siiiu-auricular  nuthr 
may  cause  irregularity  in  the  cxcitatitm  of  the 
muscle.  The  first  seems  to  be  the  most  likely,  as 
it  agrees  best  with  the  clinical  and  histological  facts. 

The  condition  is  easily  diagnosed.  The  absolutely 
irregular  pulse  is  characteristic.  A  tracing  shows 
the  ventricular  type  of  venous  i)ulse  with  absence 
of  the  a  wave.  During  the  longer  diastoles,  small 
irregular  waves  may  be  sometimes  seen.  These  are 
caused  by  the  inco-ordinate  contractions  of  the 
auricles. 

An  electrocardiogram  shows  normal  ventricular 
complexes  as  the  stimulus  is  conveyed  to  the 
ventricle  by  the  bundle.  There  is  no  P  wave,  but 
small  irregular  deflections  are  seen  all  through 
diastole,  corresponding  to  the  small  waves  sometimes 
l)resent  in  the  venous  pulse. 

Ventricular  fibrillation  occurs  in  cases  of  chloroform 
l)oisoning,  and  also  in  experimental  occlusion  of  the 
coronary  arteries.  It  is  possibly  the  cause  of  death 
in  many  cases  of  heart  failure. 

4.  Defects  of  Contractility. — Pulsus  alternans  is 
stated  to  be  due  to  a  defect  in  ventricular  con- 
tractility. It  consists  of  an  alternation  of  small  and 
larger  beats,  the  rhythm  being  regular.    It  is  found  : 
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(a)  In  hearts  failing'  against  hi.^h  blood-pressun-  ; 
(/>)  In  rapid  rhythms  such  as  paroxysmal  tachy- 
cardias ;    (c)  In  some  cases  after  premature  beats. 

A  continuous  jmlsus  alternans  is  a  si^n  of  weaken - 
inf,'  of  the  ventricular  nmsde,  and  is  a  danger  signal. 
Recently  a  ^.'roup  of  cases  showing  this  rhythm  was 
•  iescribed  (Windle)  Of  13  eases  in  whicli  the  onset 
of  pulsus  alternans  was  noticed.  9  were  fatal,  in 
periods  of  from  one  month  to  two  years.  Four  were 
still  under  observation,  and  the  longest  period  that  it 
had  existed  was  twenty-three  months.  Of  18  other 
cases  where  this  symptom  was  noted  on  the  lirst 
examination.  12  died  within  nine  months,  i  in 
twenty-one  months  ;  the  remaining  5  were  still 
alive,  but  the  longest  period  of  observation  was 
eighteen  months. 

Of  the  fatal  cases,  some  did  not  seem  very  ill  at 
the  time  of  onset  of  this  sign,  which  is  therefore 
always  of  grave  omen. 

We  may  now  sum  up  the  prognostic  significance 
of  tlu>  various  cardiac  arrhythmias  with  the  follow- 
ing ])r<.viso.  An  arrhythmia  per  .s,-  does  not 
necessarily  alter  the  i)rognosis  at  all,  but  must  be 
considered  in  conjunction  with  all  the  other  features 
of  the  case. 

Sinus  arrhythmia  may  be  considered  as  a  normal 
phenomenon  in  children  and  young  .idults. 

Heart-block  is  marly  always  a  sign  of  grave  disease, 
but  the  immediate  prognosis  of  a  complete  and 
stationary  block  is  nlatively  good. 

Premature  contract iuns  in  otherwise  normal  hearts 
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mean  nothing  ;  but  where  heart  disease  exJNts.  ami 
the  loss  of  reserve  rardiac  power  is  serious,  the 
development  of  premature  contraetions  iiicreaso  the 
gravity  of  the  prognosis. 

Auricular  Jiuttcr  is  an  abnormal  aetion  of  the 
heart  occasioned  by  serious  disease  ;  i)ut  provided 
that  an  accompanying  block  keeps  the  ventricular 
rate  slow,  the  immediate  prognosi>  of  the  case  is  not 
altered. 

Auricular  fibrillation,  unless  accompanied  by 
heart-block,  rapidly  leads  to  cardiac  failure  from 
ventricular  exhaustion.  The  jirognosis  tlepends  upon 
the  reaction  to  drugs.  If  the  digitalis  group  slows 
the  heart,  i)rognosis  is  fair,  pro\ided  the  dnig  can  he 
continuously  taken.  If  digitalis  and  its  .dlies  do 
not  cause  slowing,  the  prognosis  is  bad. 

Pulsus  altirnans  is  of  grave  prognosti*  significance. 
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UIIAI      IS      --HOCK   t       TIIK      PHENOMKNA      OF     SHOCK       LXl'IiKI- 
MEMAI,     MKANS     OK     INUICING    SHOCK-I.IKI      CONDITIONS 
THIOi;ii:S       AS       TO       ITS       NATIRF.        I'RKVI-.  NTION       AND 
TRI:ATMKNI        INTKAVENdL'S    SAI.INK     IRANSKUSIoN. 

N( )  M  it'iititif  ,yi()bleni  inon-  intt-rcstinf,'  to  phy- 
siolo^'ists  and  clinicians  alikt'  came  before  tlu' 
notice  of  tlu'  {)r()fession  during  the  war  than  that 
presented  bv  surgical  shock.  It  was  so  frcciuciit,  so 
deadly,  anil  withal  so  elusive,  that  an  immense 
amount  of  >tndy  was  devot«'d  to  the  subject  from 
many  diflcn  nt  points  of  view,  and  this  <ha})ter  is 
completely  rewritten  in  consequence.  Real  ])rof;ress 
has  been  made  ;  some  more  or  less  settled  conclusions 
have  been  arrived  at ;  ancient  theories  have  dis- 
appeared. Yet  it  cannot  be  said  that  we  are  much 
nearer  the  solution  of  some  of  the  most  important 
problems  of  all.  This  is  rather  suq)rising,  seeing 
that  we  had  the  best  young  brains  of  Europe  and 
America  enlisted  in  the  research,  and  such  material 
as  the  world  has  never  furnishetl  beiuic,  and  pray 
Heaven  may  never  furnish  again.  Wlio  of  us  that 
saw  it  will  ever  forget  the  dimly-lighted,  silent  tents 
or  huts  that  fanned  the  '  shock-w.i'd  '  at  a  casualty 
draring  station  on  the  night  after  some  great  battle  ? 
One  reason  for  the  <litViculty  has  been  a  ditterence 
of  understandin.t;  a>  to  wh.it  we  mean   by  'shock'. 
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riu-  ]Kiti.'i:t-^  who  ramo  il,\\n  iv<>:u  tli.-  tield 
anibulancos  wn-  very  'bad',  nft.-p.  dviii;:,  m-  thry 
ba-arn'.,  so  within  a  day  or  two  ;  but  (  a^-,  of  pure 
shofK  were  rather  rare,  and  inmh  of  fh.-  '  b  id '-n.-^s 
was  not  due  to  ^\v  k  at  all.  The  followin-  e,)n- 
ditions  have  to  be  excluded  or  allowd  for  brfore  wo 
ean  ai^'ne  that  shock  i>  j)re>.'nt  :    - 

1.  ('i)>:si.!\)\ib!i-  li)-s  of  lildod.  f.o>s  up  to  a  ])int 
dois  not  by  itself  (O  any  harm  to  a  healthy  voun^' 
man,  as  wc  know  from  its  -^li-ht  etf.ct-^on  donors  for 
blood-transfusion.  A  small  loss  will,  however, 
jeopardize  the  life  ..f  a  man  with  i,'ra\e  bodily 
injuries. 

2.  Coucitssion  of  brain,  spinal  cord,  or  thorax. 

3  Toxccmui  from  uitcstmal  paralysis  and  con- 
se(iuent  al)soqnion.  (irave  symptoms  comin.,'  on  a 
flay  or  two  after  a  severe  abd(;minal  injury  or  o])era- 
tion  are  usually  due  to  this  cause,  not  shock. 

4.  Syncope  from  vicntal  ffftxls,  sueh  as  f.iintin:^' 
from  a  sli}:,'ht  or  severe  woimd.  Thi>  i>  a  tran-ient 
condition,  and  the  ])atient  rec<n-er^  in  a  few  liourr,. 
often  in  a  few  minutes. 

5.  Tiixcemia  from  acute  infections.    Durin,:;  the  war, 
>treptot occal  or  ,i,'as-i,'anc;rene    iiifecti(;ns  of  wounds, 
especially  wound-  of  the  nuiscles  of  the  buttock  o 
h'ii,  ^M\e    rise    to   shock-like    sym])toms  coming   on 
usually  on  the  se( ond,  third,  or  fcjurth  day. 

When  all  the  above  have  been  dechu  ted,  there  is 
still  somethini,'  left,  but  at  a  ■  a-uaity  clearin.t,'  station 
one  or  otlier  of  thesi'  fac-tors  W(;uld  account  for  more 
than  hall  the  })hi'nomena  of  so-calkd  '^,hoik'.  In 
civil     ])ractite,     where     luL-morrhaire     and     virulent 

6 


82 


SURCaCAL     SHOCK 


■(.  i 


II 


inftrtions  are  less  in  tvi(icnc(\  slux  1<  i>  rilativc-ly 
infrcfiufiit  ;  but  when  it  (xxurs  it  hmihIIv  dors  so  in 
a  ])unT  form,  'ih''  host  I'xamplt  s  of  uiironiplicitfd 
sIkk  k  arc  seen  within  th(i  lir.^t  twcnty-ftnir  hours  of 
an  abdominal  injury,  after  such  an  openition  as 
am})utation  at  the  lii])-joint  or  Wertheim's  pan- 
hysterectomy for  cancer,  and  in  bit;  smashes  without 
an  open  wtjund.  In  burns,  the  i)icture  is  com})h- 
cated  by  blood-scorchinj;. 

Surgical  shock,  then,  is  a  condition  of  depressed 
vitality  due  to  injury,  but  apart  from  the  above- 
mentioned  more  tani^ible  causes. 

THE     PHENOMENA     OF     SHOCK. 

The  well-known  signs,  such  as  pallor,  loss  of 
muscular  ])owcr  and  tone,  some  blunting  of  the 
mind,  cjuick  weak  pulse,  subnormal  tem})erature. 
reduced  urine,  etc.,  need  merely  be  mentioned  in 
passing.  They  are  familiar.  The  knee-jerks  are 
generally  normal,  but  in  profound  shock  they  may 
disappear. 

The  nKjst  convenient  siL;n  <'f  shock  for  tlemonst ra- 
tion ])ur]*oses  and  for  the  sake  of  comparison  with 
other  ca^es  is  the  fall  of  blood-pressure  measun-d  by 
the  s])hygmomanometer.  If  the  >ystolii-  ]>ie>sure  falls 
below  qo,  the  condition  is  serious.  It  is  ])robable, 
h()wever,  that  shock  may  be  ])resent  before  the 
blood-pre^^ure  falls,  though  it  is  difticult  to  recognize 
its  presence,  ex(  t})t  that  the  patient  may  '  look  bad'. 
This  is  important,  because  we  all  know  that  a  man 
may  be  sent  oil  the  o])eraling-table  with  a  good  ])ulse, 
but  already  liis  life  is  in  danger,  and   a  fvw  hours 


SURCFCAL     SHOCK 


88 


Lit.T  he  <(.llapses  ,iinl  dies  innrc  (.)r  kss  sudd'Tily. 
On  tlu'  (.thcr  liand,  a  full  of  bhxjd-pres^ure  d(xs  not 
inrossarily  prove  shock.  Turning,'  a  jKitient  on  his 
stomach  to  excise  a  wound  in  the  bark  .iftcr  perform- 
ini,'  a  laparotomy  for  ^'unshot  injury  used  to  cause  a 
seri<nis  fall  of  blood-pressure,  but  this  w;is  (juite 
probably  due  to  syncope,  and  rajiid  recovery  some- 
times took  phicf.  thou.i^'h  of  course  syncope  is 
occasionally  fatal. 

Great  attention  has  been  i)aid  to  the  ccjudition  of 
the  heart  and  blood-vessels  in  shock.  It  is  universally 
admitted  that  the  heart  i-  not  primarily  at  fault. 
It  responds  ^'iHantly  to  every  call  upon  it,  and 
becomes  quite  active  after  a  bif;  transfusion. 

Tin;  ancient  controversy  as  to  whether  the  arteries 
are  dilated  or  contracted  in  shock  may  bo  taken  as 
settled— they    are    contracted.     Indeed,    there    was 
never  any  evidence  to  the  contrary — only  theories. 
The  sui)erhcial  veins  are  contracted,  and  often  in 
a  state  of  active  spasm,  especially  in  the  h.emorrhage- 
shock  combination.     It  may  be  quite  ditficult  to  fmd 
the  vein  for  transfusion  i>un)oses,  and  having  Unmd 
it  one  may  be  able  by  considerable  force  to  drive 
iluid  an  inch  or  twcj  alont:  it,  but  the  spasm  pn^vents 
it  from  gcjing  any  further.     This  may  obtain  when 
It  IS  <iuite  certmn  that  the  cannula  is  in  the  lumen, 
not  in  the  vein  wall.     I  have  more  than  once,  for  this 
reason,  had  to  resort  to  thr  saphena  vein  at  the  groin. 
t(j  ^'ive  a  bl(K)d-transfusi<in,  and  rvon  that  may  be 
found  extremely  contracted.     I  have  v,vn  the  con- 
dition in  jmre  shock  a})art  from  luemorrhage. 

It    hi-:    )i..,.p    fVipr^rJ  •..»,!    <■,,-   ..,..,_.    iU_4.    +J-  t     1  •„     1 
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vc'SseLs  arc  dilattMl  in  ^hork.  and  that  mo-t  of  thr 
bl()(,d  in  the  ixxly  CMllocts  there  Surgeons  nearly 
all  a.t^'rcc  that  tlii>  is  not  true.  In  la])an)t()mics  for 
a(  lite  ab(l<iniinal  <  ata-troplic>  and  for  early  t,'unshot 
injuries,  <nu-  >fld<iin  if  (.'Vtr  notices  <  ()n>])icuous  con- 
.^estion  of  the  l)|()i.(l-vi  ssel'-  a]»art  from  ])eritnnitis. 
Nor  is  the  liver  fonnd  en-op,  -d  .-itln  r  at  M}.rrati<»ii 
or  ])Ost  niurtein. 

rhc  condition  nf  the  (  a]»illarie-,  open'-  up  ^ome  new 
and  VII V  intiTcstin-  jmihlenis.     Tiie  main  (hlhculty 
in  accounting  for   th--  ])hen')me'ia   of  vhoek  i-  h"\\ 
to    reconcile     the     falliiii;     l)loo(l-j)n--.ure    with     tlie 
mechanical   fact-,  i.f  the  ,  a-e     the  heart   i>  bi'atin;. 
stron^^ly  ;     the    arterio    and    \(  ins    are    ( ontracted  : 
the   blood   ha-,   not   collected   unduly,   either   in   the 
abdomen  or  <l>eui>?re.     A^  we  shall  sih-,    Dale  ha- 
discovered  that  a  shoe  kdike  condition  may  be  ])ro- 
duced  in  animals  by  a  dru.k^  <  ailed  histamine,  and 
here  also  the  heart   i-,  sound,   the  arteries  are  con- 
trai  ted,  but  the  blood-presMire  falls.      In  hi>tamine 
])oisonint[  the  capillaries  appear  to  be  dilated  thoui^h 
the   arteries   are  contracted.     Some  other  chemical 
substances  act  similarly.     Ai)art   from  dru^s,   then 
is  evidence  that  the  calibre  of  the  arteries  and  tht> 
capillaries  may  vary  intlepeiulently  one  of  the  other. 
A  few  hours  or  days  after  section  of  the  sciatic  ner\( 
in  a  cat,  the  pads  of  the  foot  on  the  operated  sick 
are  ])aler  (  -  cajiiHary  contraction),  though  that  paw- 
is  xiiirmrr  than  the  other,  not  only  to  the  touch,  but 
also   to  e.\a(  t    measurement,    for   if   both   ]iaws   ar.' 
immersed  in  water  in  te>t-tubes.  the  water  on  the  side 
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than  the  other  (  .-  arterial  dilatation  with  <  apillary 
<ontraction  on  the  o}Mratefl  si(k-}.  Tlii-;  opens  up 
the  ])os-ibility  that  the  caiullaries  may  be  dilated  in 
shock,  which  if  true  niif,'ht  a-count  for  the  fall  in 
biood-pressure. 

Cannon  and  others  have  made  red-( cjl-counts  of 
the  blood  of  ])atients  with  the  shock-h;i.-m(;rrhage 
eom])le.\,  and  hml  that  there  n;ay  he  a  hitjher  eount 
<'f  <oqKiseles  in  the  capillaries  than  in  the  veins. 
I  he  same  has  been  :eported  in  the  capillaries  of  the 
intestinal  villi  of  shocked  animals.  I'hat  this  dis- 
parity may  occur  i^,  undoubted  ;  it  suf,'^e>ts  either 
that  the  force  of  the  « irculati^n  is  not  enough  to 
move  on  the  corpuscles  from  the  narrow  cajiillaries, 
"r  els<'  that  the  plasma  exudes  out  through  their 
walls,  leaving  the  corpuscles  behind.  That  this  is 
the  main  cause  of  the  fall  in  blood-presstire  seems 
wry  improbable.  In  four  out  of  five  shock  cases  at 
a  casualty  clearing  station  in  I'rance,  my  colleagues 
and  I  failed  to  lind  any  difference  in  the  vein  and 
<  apillary  count.  If  the  capillaries  were  markedly 
iiilated,  one  would  exj)ect  the  mucous  membranes 
to  be  flushed  and  to  bleed  easily,  but  as  a  matter 
of  fact  they  are  pale  and  scarcely  bleed  at  all. 

It  is  widely  believed  that  the  total  blood-volume 
in  shock  is  reduced,  and  that  here  lies  the  explanation 
of  the  fall  in  blood-pressure.  It  may  be  that  this 
view  is  correct,  ])ut  it  appears  to  have  been  too 
ri-adily  accepted.  The  older  experimental  work  on 
the  subject  was  far  from  satisfactory,  though  it  is 
repeatedly  (pioted.  My  own  observations  on  the 
'~]>ecific  gravity  of  the  blood  during  tlie  onset  of  pure 
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slunk,  even  in  fatal  rabts,  >lii.\v  no  conrciitratiun. 
r\((j)t  in  extensive  burns,  where  there  may  he  lns> 
of  fluid  from  the  damaged  surface,  anrl  sconhin-  of 
tlie  j.Iasma.  Only  or.ce  did  I  meet  with  .in  ahnor- 
maliy  hi^'h  blood-tount  in  a  shoe  k  <  a^  iti  It  hk  e. 
Arcirdinf,'  to  (iuthrie,  in  e.\j)eriments  -m  shoeked 
animals  there  is  an  iiurt-/is,  of  the  blood-volume,  up 
to  20  ])cr  cent.  Observations  by  the  vit.d-ivd  method 
are  urt/ently  retiuired  ;  several  Ameriran  workers 
(Keith,  KoI)erts(jn,  and  others)  h.ive  >liown  that 
tlure  is  a  fall  in  the  t(;tal  blood-volume  in  cases  of 
the  shock-ha-m(^rrhaf,'e  (omple.x,  which  of  cour-.e  i-, 
only  to  be  ex]Kcted,  but  I  have  not  vet  seen  any 
satisfactory  re])orts  of  estimations  in  pure  shuck 
<  ases  in  the  human  subject. 

Keith  showed  that  i:  the  blfjod-volume  is  75  per 
cent  of  the  normal  (^r  over,  the  blood-pressure  is 
usually  above  95  mm.  of  Ht;,  and  recovery  is  probable  ; 
a  blood-volume  between  O5  and  75  ])er  cent  of  the 
normal,  with  a  blood-pressure  below  90,  means  that 
the  condition  is  f^rave,  and  if  the  blood-volume  falls 
below  05  per  cent,  blood-pressure  below  (»),  n-covery 
is  very  improbable.  1  found  the  total  blood-volume 
in  a  fatal  c.ise  of  sIk  ck-hctmorrhaj^e  as  low  as  three 
pints.  I'lrlant^er  and  Gasscr,  in  cases  of  pure  shock  in 
experimental  animals,  tind  that  the  blood-volume  is 
reduced  to  Si  ])er  tent,  but  there  is  no  ri-e  in  per- 
centage of  blood-pnjteins  or  blood-corpuscles. 

It  is  quite  clear,  therefore,  that  the  vital-red 
m«thod  docs  not  give  the  whole  blood-volume,  but 
only  the  volume  of  tiie  actively  circulatiiig  blood; 
a  good  deal  is  evidently  lying  m  a  stagnant  back- 
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w.itor  in  M<nif  i  apill.irv  .uci^.  pmbahlv  tlu'  miisk's, 
iiit('->tiiial  villi,  .111(1  tithtr  \  i~(  I  ra.  I'li'n-  i>i  littlf.  if 
any,  !<>->  <'f  water  to  thf  circulatiiiir  hlicxl,  >o  tlu' 
hlood-fdunt  and  sjxm  ific  i,'ra\itv  do  not  \i>r.  I'lir 
\ital-rt(l  fviilcntly  <l<>rs  not  pm*  h  tlic  stagnant  aiiM. 

Thi>  (  a])illary  staf,'nation  mav  or  niav  not  i,'ivc 
rist'  to  a  hi,i,'h  blood-count  in  the  >kin-(  apillarn-  ;  in 
mv  cxpi-rifnir  of  war  and  (  i\  ili.m  <  .im>  it  iiMially 
does  not. 

As  Kritli  has  shown,  tin'  virtnal  los^  of  ciiriil.itin.i,' 
blood-volunii'  due  to  ^ta/^nation  cannot  be  due  to 
h.einorrha.m"  alone.  A  blood-donor  may  give  as 
much  as  ,Soo  c.c.,  and  yet  his  blood-volume  may  be 
made  up  to  normal  within  an  hour. 

The  stagnation  in  the  visceral  and  mu>ch-  <  .ipil- 
laries  has  not  yet  been  conclusively  demonstrated 
by  histology  in  man,  though  lunk  gives  some 
pictures  of  it.  Certainly  it  dues  not  occur  in  the 
brain  capillarie>. 

Mctabolhm  in  Shock. — Evidence  has  accumulated 
that  important  chemical  changes  take  place  when 
the  blood-pressure  falls.  Both  in  experimental 
animals  and  in  wounded  soldiers  there  is  (piite  ccm- 
stantly  a  considerable  degree  of  acidosis.  This  has 
been  demonstrated  by  Cannon  and  others,  using  the 
\Mn  Slyke  apparatus  and  techni(|ue,  which  shows 
a  fall  in  the  alkali  reseive  of  the  blood.  These  obser- 
vations were  verilied  by  ().  H.  Robertson  at  the 
casualty  clearing  station  where  I  was  {xjsted.  i)uke> 
and  I  also  made  analyses  of  the  ammonia  nitrogen 
in  the  urine,  which  is  a  well-recogni/ed  mdicator  ot 
acidosis,  and  found  a  very  market!  rise,  which  only 
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<"ni<  s  r.n  aft.  r  flif  hldodpi,  ..un   filN.  and  iivrcases 

as  til.    >li.Mk  <l.(i»(ii-,.      \\\    fouiid  tli.it   til.-  arid  is 

noitli.r  la.  ti-    ii.,i  diaoti.  .     Tlinc  i>  >.,m,.  ,  \idctir<- 

that  amiiio-acids  an:  h.  m^  r.x.ntf.j  in  tx.css  (F.f)V'.ll). 

It  d.)(s  not  ajjptar  that  th.'  a(  id.>-is  i^  tli<'  primary 

<ausc  of  the  syni])toins  ni  sho.  k.     In  jx.int  of  tini.' 

it     ft.llows    ralh.  r    than     })rt  ( cdtN    th.-    circulatorv 

depression.       Hij^her    dt  threes    of    acidosis    may    be 

ohtainid  ex])erinient.dly  without  raii-ini;  the  animal 

any  in. onvenience.     .\ikaline  tran-fu-ion  is  little  if 

any  more  sureessful  than  valine  transfusion  in  th.- 

treatment  of  sh.x  k. 

B.   Moore  maintains,  not  \ery  . onvincin.^jly,  that 
there  is  really  an  alkalosis,  not  an  acidosis. 

('/t(uti:rs    hi    Xfnr-cclls.-A'rilc  and    Dolley    have 
deserilxd  loss  of  the  Nissl  f,'r.innles  and  other  sij^ns 
of  exhaustion  in  the  eells  of  I'urkinjc  in  the  cere- 
btllum   in   human   and  animal  cases  of  shork,   and 
similar  ehan^es  have  been  observed  by  .Mott  in  otb.-r 
nerve    centres.     I    have    work.d    over    the    .entral 
nirvous   system    in   detail   in    four  cases  of    shock, 
and   some  controls.     The   first   was   a   ])atient   with 
multiiile   simple    fractures    after   a    hvavy    fall,    the 
second  a  cnished  chest,  the  third  a  gunshot  injury 
of   the    x])ine    and    abdomen    with    hiemorrhage   as 
well  as  shock.      They  all   died   within   twenty-four 
hours.     In  each  case  the  hndin{,'s  were  concordant  ; 
the  nerve-cells  of  the  spinal  cord,  the  posterior  r().)t 
f;anj,'lia.  and  the  motor  areas  and  nuclei  of  the  brain 
showed  no  abnormality,  but  the  sensorv  c^-Hs  of  the 
brain    showed    a    profound    loss    of    Nissl    f^ranules 
(gracile  and  cuneate  nuclei,  optic  thalamus).     The 
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suK(;,'('sti:(l  t\])l,itMtion  is  that  tli"  v  wtrc  <  xhaiisted 
l>y    a    twmhanlmcnt    of    painful    MiiM,rv    inf>sa,L;<'S. 

<  )tlw  r     (til-      allowed     li>s     inarkt  d     «  h  ini,'t's — thr 
I'urkinjt'  < dls  i-f  tlic  < cri'lHlluin,    I)(itLrs'   iiucl('u>, 

<  tc.      In  one  (  av'  the  v,i;^'Us  iiiK  l(u>  had  sutltTfd. 

In  a  fourth  cast',  a  labourt  r  with  .i  smashed  s.irruni, 
•  (jnipound  frarturf  of  the  femur,  and  considerable 
rctroptTitoneal  and  external  hsemorrhaKe,  death  was 
delayed  till  the  second  dav,  and  the  ]i.  t/.  tells  were 
more  severely  affected,  but  the  mot"i  ner\c  nuclei 
t  scaped. 


EXPERIMENTAL     MEANS     OF     INDUCING 
SHOCK-LIKE     CONDITIONS. 

It  is  not  easy  tt)  induce  typical  shock  in  experi- 
mental animals  by  procedures  anaIo/.,'ous  to  those 
whit  h  ^i\c  rise  to  it  in  man.  According  to  (iuthrie, 
even  crushinfj  the  brachial  t)r  sciatic  ple.xuses  often 
fails  to  lead  to  a  fall  <^f  blood-pressure,  and  multiple 
amputations  of  limbs  hit,'h  up  are  also  unreliable. 
The  most  constant  experimental  method  of  causing 
I  marked  fall  tif  blood-pressure  that  will  go  on  to  a 
fatal  termination  if  the  stimulus  is  per-isted  in,  i> 
pulling  and  twisting  of  the  intestines,  but  it  needs 
to  be  prolonged. 

Several  workers  show  that  ligature  t)f  a  limb 
followed  by  crushing  of  the  muscles,  and  'hen  release 
"f  the  ligature,  with  massage,  so  as  to  flood  the 
circulation  with  crueh-products,  is  productive  of  a 
-hock-like  condition  (Turck,  Bayliss,  Cannon).  There 
is  a  fall  of  blood-pressure,  lowered  temperature,  and 
sometimes  even  death.     If  the  litrature  is  keut  on. 


S(i 


90 


SURGKAI.     8H(){  K 


and  the  liiiil)  ;inij)ut;!te(l,  iid  such  svniT^toni-  an* 
observed.  (ir;iftin,'4  in,  or  injecting  extracts  of,  the 
<  nishcd  mus(  le  produces  the  symptoms,  and  they 
are  not  prevented  by  previous  section  of  the  spinai 
<-ord  (to  check  ascendin,':  nervous  impulses).  It 
seen.s  clear,  tlun,  that  there  is  a  chemical  j  oi.M)n  at 
work,  probably  some  jiroduct  of  autolysis.  A  com- 
paratively small  loss  of  blood,  that  would  not 
incommode  a  normal  ;'ninial,  brings  on  severe  collaps  ■ 
under  these  circumstanct>s. 

It  is  well  known  that  e.xtensive  nuixle  injuries 
often  gave  rise  to  shock  in  the  war,  and  that  early 
amj  utation  might  save  the  patient's  life.  Too  much 
im})ortance  must  not  '.  j  attached  to  this,  because  it 
has  slowly  become  recognized  that  gas-gangrene 
infection  was  common  and  early,  produced  shock- 
like symptoms,  and  specially  affected  damaged 
nuiscle. 

Whilst  it  is  ailmitted  that  absoqnion  of  products 
of  autolysis  after  crushing  may  be  a  (ontributory 
cause  of  the  clinical  ])icture  wt  know  a->  shock,  it 
does  not  seem  possible  that  this  can  be  the  main 
factor.  Patients  may  exhibit  the  most  typical 
sym])toms,  Uading  to  fall  of  blood-pressure  and 
death,  after  a  gunsht>t  wound  (jf  the  abdomen,  a 
Wertheim  hyst(  rectomx ,  or  an  anij)utati(jn  at  the 
hii)-joint,  but  in  none  of  these  is  there  much  oppor- 
tunity for  ab.-orption  of  crush-products.  Crile  some 
years  ago  crossed  the  circulation  of  two  dogs  by 
leading  the  carotid  arteries  and  jugular  \eins  of  one 
to  the  other.  ,iad  found  that  signs  of  shock  were  only 
induced  in  the  traumatized  animal.     Lindsay  and  I 
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injected  lo  c.r.  of  the  blood  of  a  wounded  m.m,  just 
dead  of  shock,  into  a  rabbit,  which  was  none  the 
worse  for  it,  though  lo  c.c.  is  a  lar^e  dos'-  for  an 
animal  of  that  weight. 

Dale  and  LaidLnv  show  that  a  condition  ri'^eniblini: 
shock  may  be  induced  in  animals  l)v  jjoisoning  with 
histamine.  There  is  a  fall  of  blood-pressure  and  a 
'  oncentration  of  the  total  blood-volume.  The 
reduced  pressure  is  not  due  to  any  failure  of  the 
heart  or  nlaxatiun  of  the  arteries  —indeed,  the 
arteries  are  contracted-  but  to  a  paralytic  dilatation 
of  the  capillaries,  so  that  much  of  the  blood  is  with- 
drawn from  the  functionin.ij  circulation  and  pooled, 
as  it  were,  in  a  backwater.  The  limbs  swell  in  a 
plcthysmof^Taph  and  the  intestines  are  reddened. 
The  red-ccll-count  may  rise  to  13  million,  and  h;emo- 
^dobin  140  per  rent.  The  total  blood-volume  by 
the  *  vital-red  '  method  is  greatly  reduced.  Local 
application  of  histamine  to  the  cat's  pancreas  shows 
flushing  and  oedema,  but  the  arteries  do  not  stand 

(JUt. 

There  is  a  double  effect—:,  stagnation  of  the  cor- 
puscles in  the  capillaries,  and  an  exudation  of  plasma 
from  the  capillaries  into  the  tissues.  In  fact,  the 
phenomena  closely  resemble  those  seen  in  intlam- 
mation. 

THEORIES     OF     SHOCK. 

Most  of  the  older  theories  combated  in  previous 
editions  of  this  book  are  now  practically  abandoned. 

The  view  that  the  underlying  cause  of  all  the 
manifestations  is  an  exhaustion  paralysis  of  the  over- 
stimulated  vasomotor  centre  is  out  of  the  running, 


.s4j:^ 


92 


SURGICAL    SHOCK 


H; 


because  there  is  plenty  of  animal  evidence  that  this 
centre  ran  still  give  good  reflexes  ;  also,  if  this  view- 
were  correct,  there  ont^'ht  to  be  vasodilatation  of 
the  arteries,  which  is  not  true. 

The  acapnia  theory,  that  shock  is  due  to  loss  of 
carbon  dioxide,  fails,  because  there  is  no  evidence 
that  such  loss  occurs  in  human  cases.  My  analyses 
showed  a  normal  blood-content  of  carbon  dioxide 
even  in  fatal  shock.  Also,  shock  can  develop  when 
the  patient  is  bein.tr  dvcn  ether  from  Clover's  inhaler. 
Further,  re-breathint:,  or  inhalation  of  CO.,  does  not 
relieve  the  condition. 

Exhaustion  of  the  suprarenal  glands  will  not 
explain  the  fall  of  blood-pressure,  because,  as  I  have 
shown,  in  jiatients  dead  of  shock  the  glands  still 
contain  plenty  of  adrenalin.  Stewart  and  Rogoif 
lind  that  during  the  onset  of  shock  in  animals  there 
IS  no  change  in  the  adrenalin  output  in  the  suprarenal 
veins.  Bedford,  on  the  other  hand,  believes  that 
there  is  a  slight  increase  in  the  output,  but  of  slow 
develojjment. 

During  the  war  several  observers  have  expressed 
the  opinion  that  a  main  factor  in  shock  is  fat- 
embolism.  They  declare  that  a  similar  clinical 
picture  can  be  produced  by  injecting  fat  globules 
into  the  circulation  ;  and  also,  that  in  patients  dead 
of  shock,  fatty  droplets  may  be  found  in  the  capillary 
blood  of  the  lungs  and  brain.  The  theory  cannot 
be  accepted.  It  is  unreasonable  to  suppose  that  fat- 
embolism  will  occur  after  a  jTimshot  injury  of  the 
abdomen,  or  during  such  a  dangerous  operation  as 
Wertheim's    hysterectomy    or    amputation    at    the 
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hip-joint.  Blood  normally  contains  visible  fat  in 
animals  (McKibben).  My  own  bhjod,  drawn  for 
])(irpos(s  of  group  Sfriim  testinj;  in  I'imiu-o,  wa>  ful! 
of  fat. 

.\s  already  mentioned,  some  believe  that  into.\ira- 
tiiin  \.ith  erush-j)rodu(ts  from  the  muscles  is  the 
<  .luse  of  shock.  Reasons  were  given  for  allowing 
that  this  may  be  an  element  in  some  cases,  but  that 
it  is  nf>t  the  main  factor. 

According  to  Roger,  it  is  to  an  inhibition  or  fatigue 
of  the  nerve-cells,  first  in  the  bulbar  centres  and  later 
throughout  the  brain  and  s]nnal  cord,  and  involving 
at  length  all  the  cells  of  the  body,  that  we  must  look 
as  the  basis  for  the  phenomena  of  shock,  (nithrie, 
and  also  Crile,  have  put  forward  similar  theories. 
Crile  demonstrates  changes  in  the  cells  of  the  liver 
and  adrenals  as  well  as  in  the  brain,  lie  believes 
that  the  cause  of  the  breakdown  of  the  cells  is  an 
intracellular  acidosis. 

The  conception  is  somewhat  vague.  By  the 
study  of  the  Xissl  granules  we  have  a  fairly  deli- 
cate method  of  estimating  the  functional  activity  of 
various  groups  of  nerve-cells.  Although  the  sensory 
nuclei  of  the  brain  are  gravely  affected,  and  some 
other  important  nuclei  and  cell-groups,  such  as  th«.' 
Purkinje  cells  of  the  cerebellum,  Deiters'  nucleus, 
and  the  vagus  nucleus,  may  show  less  e.\tensi\e 
changes,  yet  the  bulk  of  the  nerve-cells  in  the 
l)rain  and  cord  are  unaltered,  unless  the  patient 
survives  more  than  a  day,  or  when  there  has  been 
much  loss  of  blood,  when  all  the  brain-cells  suffer. 
The  direct  evidence  for  the  theory  is  therefore  very 
shadow  v. 
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It  may  prove  that   our  problems  may  hr   S(jlv(.'(i 
for  u>  by  tlie  more  recent  rr,ncei)tion  that  in  shock 
a  f^n  It  (leal  oi  the  circulating'  blood  is  pooled  in  a 
backwater  in  the  dilattd  caj.illaries.  and  that  much 
«'f   the  ])lasma    t>caj)es  into   the  tissues;     but   hen- 
a^ain  there  are  -rave  difTimlties.     If  we  accept  thi^ 
view,  how  shall  we  cx])lain   the  jtallor  of  the  skin 
and  lips,  the  inconstancv  of  the  raised  red-cr.      ount 
m   the  ca])illari(s,  and  the  rarity  of  supranormal  red- 
eell-counts    and    h;em(.;,'lobin    estimations?      Dale'> 
I)icture  of  the  animal  dead  (,f  histamine  ])oisonini;. 
with  all  its  organs  in  a  stati'  resembling'  inflamma- 
tion, is  (juite  unlike  the  palhd  appearance  of  a  man 
dead    of    shock.     These  difficulties    may    largely  be 
met  if  the  evidence  is  confirmed   that  "much  of  the 
blood     is     staKnant     in    tli-     vise,  ral     and     muscle 
rapillanes,  t)n  account  of  failure  of  the  ris  a  icrgo. 
or  an  actise  dilatation  of  the  <a})illaries  themselves.* 
I  d(j  not  believe  that  we  possess  sufti.  lent  informa- 
tion ju^t  at  i)resent  to  justify  us  in  theorizing.     As 
Sherlock  Holmes  used  to  repeat,  it  is  wrong  to  draw 
conclusions  before  you  have  collected  all  your  facts- 
One   suKgestion    may,   however,    be   ventured.     The 
fall  in  blo<,d-i)ressure  may  be  due  in  ])art  to  loss  of 
muscular  tone  in  the  voluntary  muscles  ;    this  loss 
of  toiK'   in   its  turn   may  be  accoimted   for  by  the 
exhaustion  of  the  sensory  nerve-cells  in  the  brain- 
stem. 

There  is  a  (  ondition  well  known  to  e.xperimental 
physiolo,i,Msts  called  spinal  sJwck.  In  monkeys,  and 
to  a  much  less  e.xtent  in  .  ats  and  dogs,  a  high  tran- 
section   of   the    spinal    cord    is    followed   by   grave 
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intcrfcreno;  with  the  functions  of  tlir  cord  distal 
to  the  section.  I'or  a  period  varying  from  l;ours  to 
d.ivs  no  P-fk-xcs  can  hi-  obtained,  muscular  tone  is 
.ibohshcd,  and  thr  blood-pressure  f.dls.  In  human 
-urpry  we  si'i'  the  like  condition  in  spinal  concussion, 
in  whicli,  after  a  blow  on  the  back,  sensation, 
voluntary  power  of  movrnicnt,  and  reflexes  may  be 
abolished,  but  after  a  day  or  two  are  all  r-z^tored  to 
normal. 

Professor  SherriuL^ton  has  made  some  important 
investigations  into  the  nature  of  spinal  shock.  In 
the  hrst  place,  he  shows  that  it  only  affects  those 
segments  of  the  cord  distal  to  the  lesion  ;  thus,  after 
an  upj)er  dorsal  ♦  ansection  the  cervical  segments 
are  not  in  shock.  Secondly,  he  shows  that  after 
recovery  has  taken  place,  a  second  transection — for 
instance,  in  the  middorsal  region — will  not  repro- 
duce- the  signs  of  spinal  shock  :  proving  it  was  due 
to  the  withdrawal  of  influences  descending  from 
the  brain  or  brain-stem.  Again,  cutting  across  the 
mesencephalon,  above  the  pons,  does  not  induce 
spinal  shock.  Therefore  the  impulses  preventing 
it  must  have  come  down  from  the  region  of  the 
fourth  ventricle.  We  also  know  that  from  this 
same  region,  and  in  partirular  from  the  central 
nuclei  cf  the  vestibular  nerve,  descend  the  impulses 
which  give  rise  to  excess  of  muscular  tone.  A 
transection  of  the  mid-brain  causes  decerebrate 
rigidity  of  the  limbs  ;  a  second  transection  bfdow 
the  mt  dulla  abolishes  the  excess  of  tone.  On  this 
subject  the  writings  of  Sherrington  and  of  Thiele 
may  be  consulted. 
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v.  \l.  Vikr,  uf  Columbia  I'liivcr-itv,  llu-^  latrly 
])uhli>lif(i  a  wry  imjjortant  rcxarch  on  spinal  -iKx.k, 
with  particular  nfrrcnrc  to  tlif  hlofKl-]-)rt-~^urc.  \lr 
shows  that  then;  i-  a  certain  residual  hlood-prcs'^un-. 
about  J,]  iriu.  ot  in-rcur}',  e\fn  aftiT  removal  of  tin- 
brain,  provided  that  the  cord  is  left  intact,  and  that 
sensory  stimuli  will  raise  this  prc^surt'  rcflexU'. 
When  the  cord  i>  totally  removed  then-  i>  a  very 
Ljreat  fall  of  pre.-sure.  Apart  from  removal  of  tlv 
cord,  curare  produces  a  considerable  n-duction  of 
blood-pressure,  both  in  nor.nal  and  in  spinal  animals. 
This  curare  etteet  is  not  due  to  any  action  on  the 
vessels,  but  to  the  abolition  of  tone  of  the  vohmtary 
muscles.  This  i^  in  accord  with  the  results  of  other 
workers. 

.\f,'ain,  it  is  known  that  a  uif.;h  intraspinal  an;es- 
thesia  induced  in  man  by  stovainc  or  some  similar 
drui;  may  j^jivc  rise  to  a  dant;erous  fall  of  blood- 
pressure  by  ]xiralyzin^'  the  lower  ]Kut  of  the  body. 
This  risk  led  many  surgeons,  myself  amongst  the 
number,  to  abandon  the  use  of  intraspinal  anaesthesia 
at  casualty  clearing  stations. 

Do  we  not  here  lind  anothi'r  clue  to  our  problem  ? 
The  nuclei  which  are  ri-sponsible  for  maintaining 
muscular  tone  are  the  very  ones  that  have  beiii 
shown  to  suffer  the  loss  of  their  Xissl  granule>. 
The  patient  who  is  suffering  from  shock  is  usuallv 
found  lying  in  a  state  of  complete  muscular  relax- 
ation. Loss  of  tone  in  the  voluntary  m.uscles  will 
remove  the  support  which  they  naturally  gi\e  to  the 
intramuscular  wins  and  capillaries,  and  in  a  lesser 
degree   to    the    intermuscular  veins.     Therefore  the 
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bl.XHi-prrwirr  f.ili.  ;,„<!  th.-  cardiac  output  is  n- 
duc,  ,1,  i„  .pit,.  ,,f  undiminished  p<nvcr  of  the  heart 
nni-^clc  ,11,(1  eoritracted  arterie'.;. 

It  ni.iy  be  .'  I,  rted  that  muscular  toue  is  re.hiccd 
ui  vanou.  ner\  s  (hsease>  and  under  an.esthetics 
without  a  marked  fall  of  blood-])re>sure.  but  it  has 
to  be  remembered  that  in  the  nervous  affections  the 
'.n>et  i>  very  .t^radual  and  can  be  .(.mp,  nsated.  and 
und.r  uiii^tlu  tics  there  is  stimulation  of  the  heart 
and  vaM.motr)r  centre  to  . ounteract  the  loss  of  tone 
I'nder  .ther.  at  any  rate,  the  muscles  may  be  very 
vii.'orous,  a.  rigidity  of  the  abdominal  wall  fre(iuently 
rrnuufl^  u>.  (  hloroform,  of  course,  d.,es  reduce  the 
bhjod-jirevsure  after  a  time. 

Without   venturinL;   io   formulate  a  cut-and-dried 
theory,  then,  one  may  sui^gcst  that  the  nociceptive 
impulses  which  brin-  about  surgical  shcxk  do  so  by 
■nhibitmj,'  or  paralyzing  the  important  nuclei  in  the 
region   of  the   fourth   ventricle  and   perhaps   m   the 
cerebellum.  %vliich.   as  Sherrington  and  other.,  have 
shown,  are  continually  s,>nding  impulses  down  tla 
spinal  cord,  maintaining  its  functional  activity  and 
increasing    muscular    tone.     When    such    inhibition 
or  paralysis  takes  place,  the   functions  of  the  cord 
:ire  greatly  reduced,   tone   is  abolished,   and   there- 
ore,  as  a  secondary  result,  the  blood-pressure  may 
fall.      The  respiratory  centre,  and  perhaps  even  the 
vasomotor  centre,  share  in  this  inhibition  or  paralysis  • 
this  IS  a  very  different  conception  from  that  which' 
takes  exhaustion  of  the  vasomotor  centre  to  be  the 
prime  cause  of  all  the  symptoms.     Death  is  due  to 
the    reduced    nressurc    f.ilip.r    t,.    » „.  1    ^i  .    ,. 
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llirouf-'h  the  <  .i])ill,irit>  and  veins  ;  ^o  that  the  :is  a 
trr^i)  i>  no  lon^tr  ahio  to  ])ni\i(Jf  a  ])r<>])rr  tillini,'  for 
tlic  heart,  e>j)e(  iaih'  .is  the  feeble  n>])iratorv  wiove- 
nienl>  fail  to  <'.\ert  their  ini])ortant  ])uni]iin-;  a<  tion. 

A  very  strikinj^  example  of  this  secjuenc  .•  is  met 
with  in  what  is  railed  'the  knock-out  blow'  in 
pugilism,  or  rather,  one  of  -uch  blows.  A  viLjorous 
drive  on  the  point  of  the  lower  jaw  in  a  line  from 
the  chin  to  th<-  <  ondyles  is  tran>mitted  directly  to 
the  labyrinth  ol  the  internal  ear,  and  by  way  of  the 
\('Stibn1ar  nerve  impulses  reach  the  nuclei  ot  which 
we  have  be<n  speaking.  As  a  result,  a  }M)\serful 
athlete  is  imniediately  reduc<-d  to  a  mass  of  (iuiverinj4, 
unstrung  tlesh,  and  may  die  outright.  In  a  word, 
he  is  in  a  state  of  shock. 

As  a  result  of  a  moderate  fall  of  blood-])ressuro, 
there  is  a  much  more  marked  reduction  of  blood- 
llow.  Gesell  showed  that  a  fall  of  pressure  from  IJ4 
to  84  mm.  Ug  in  the  cat  reduces  the  blood-flow  in  the 
submaxillary  gland  to  on( -sixth.  Therefore.  bef(jre 
long  all  the  tisM'C-cells  of  the  body  are  suffering  from 
an  oxygen  famine,  and  soon  pass  beyond  recovery. 
The  starved  cells  demand  a  local  capillary  (iilata- 
tion,  and  this  in  its  turn  withdraws  moie  of  the 
circulating  blood  into  a  stagnant  backwatir. 


PREVENTION  AND  TREATMENT  OF  SHOCK. 

It  is  to  be  feared  that  in  spite  of  all  the  research 
of  workers,  yoiuig  and  old,  of  all  the  warring  nations, 
we  are  still  too  often  helpless  in  the  presence  of  grave 
^liock.     Nevertheless,   real  ])rogress  has  been  made. 

/•/h/(/.s.-  There  is  no  doubt  as  to  tlu'  value,  slight 
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but  (Ittmitc.  ..f  ^ivm-  tluids.  Probablv  jmtas.mm 
Mtratf  i>  h.Ipfnl,  by  ktvpin;,'  the  arirlosi.  uitliin 
bounds.  Saline  pc-r  mtum  nr  subcutan.  .„i.lv  i> 
also  btnclicial,  but  tho  administration  should  not 
br  allowed  to  disturl>  the  patient  to(j  mu'  h.  ^ea  r.r 
K.tftf  may  h<Ip  as  nerve  foods. 

MW/;////.-  All  war  experience  a^n.-s  that,  after  a 
-nous  mjury,  eold  much  ai,'^'ravates  the  risk>  to  life. 
The  ])atu  nt  out,'ht  therefore  to  be  kept  warm. 

>7<r/)  i.,  of  ronvidi-rable  value.      It  is  well  known 
that  lon^'  wakefulness  induces  chanK<'s  in  the  nerve- 
-ells  similar  to  those  met  with  in  shock,  and  that 
after  sle.p  Nissl  ^aanules  are   restored  to  nf)rmal. 
Kvery  .tiort  should  therefore  be  put  fortli  to  secure 
warmth,  comfort,  darkness,  and  quiet  for  the  shocked 
patient.     This  is  more  important  than  '  fussing  '  him 
with     long-continued     sahne     injections.      Whether 
nioqihia  is  indicated  is  a  debatable  point      Its  u.se 
IS  strongly  advocated  by  Crile.  who  advises  repeated 
doses  every  hour  until  the  respirations  are  reduced 
to  tw.lve  per  minute.     I  have  seen  the  method  used 
with  s(;me  success  in  casualty  clearing  stations.     In 
one  case  sutlering  from  c.nnpound  fractured  femur 
under  the   care  of   Lieut.-Colonel    Dun,  the  patient 
had   been   given   over  2  grains  of   morphia  in   four 
hours  ;  he  was  awake,  free  from  pain,  the  pulse  had 
ini})roved,  and  ihe  i)upils  were  not  contracted      He- 
madr  u  good  recovery.     On  the  other  hand,  it  has 
been  maintained  that  the  rcduc-d  respirations  will 
interfere  with  o.xidation  and  so  increase  the  acidosis 
Ihis  seems  too  theoretical  a  reason  to  stand  in  the 
way.       Ihe    modf-rit..   ,,c.,    ..(  ,—v.:  ... 
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(crt.iinlv  iiKK  ifiil  airl  ]ii<>l);il)ly  n -tor  itiv  -  ,  at  .my 
rati-  in  t  asr-,  whi'ii  |(.iin  is  cxtniiir.  It  'nu^lit  not 
to  1)1-  ii-(  '1  if  the  ii.iil-  .irr  hlur. 

Pni's.  Adn'iialiii  i>  d  anu'iioii-.  Strv  liiiiii'  i^ 
<  '  rtaiiilv  u-'l"-s  anil  ]io--il)lv  (laiiL;rroii-,  a^  Oil'' 
.mil  I  (H  kliai  l-Muiniii' I  \'  loim  a;,'..  ]ioiiit((l  out. 
.M<  olinl  niav  liwv  a  litth'  |)ut>li  tMiira.;!'  to  ])atifnts 
witli  synco])r,  l)ut  in  ^li,  ,  k  it  (io(  .  nothing'  but  harm, 
islMriallv  aftrr  ctlur  or  <  hlcnifurni  ha-,  been  .id- 
niiiiisti  inl,  l)((  ausi'  ni  liiat  ra-r  it  dois  not  t-vcn 
produi  •■  the  brirf  ri-'  >'l  Mo.,d-})n>Mirf  tliat  ])nTi(if"> 
the  lon;.;«r  fall.  I'itmtarv  txtract  was  :;ivtii  on  the 
thi<iry  thai  -hoi  k  was  due  to  art'iial  dilatation  ; 
the  thc'<irv  is  (  rroin  ous,  and  thr  druu  is  ])rol)al)ly 
list  1<  s^  unless  there  is  an  element  of  inte-tinal  ])ara- 
ly^is  m  the  <  nse  ;  for  that  eondition  it  is  our  best 
remedv.  ("aiu]Oior  is  well  sjioken  of  bv  s<jnit'  ;  I 
have  little  (  \])i  rieiK  e  of  it. 

It  will  be  replied  to  the  above  rather  swoepinj^ 
coiuleinnation  that  in  sueh-and-sueh  a  remembered 
incident,  a  ])atieni  verv  bad  on  the  operation-table 
was  ^iven  stryehnine,  oi  brandy,  or  pituitary,  and 
the  pulse  soon  beeanii"  better.  To  which  tlu'  answer 
IS,  in  the  tirst  ]>lace,  that  many  remedies  produce 
a  brief  'Mnuhition  of  the  cin  ul.ition,  followed  by 
a  ])rolonf;ed  de])ression ;  and  next,  that  it  ;s  not 
universally  known  liow  lommon  it  is  for  iiatients' 
]>ulses  to  fail  durinu'  the  latiT  staces  of  a.n  operation, 
and  then  to  imj'rove  i^reatly,  apart  from  any  dm{; 
treatment,  durmt,'  the  stitcliintj-up  and  application 
of  dressings.  It  is  tins  phenomenon  which  has 
f^iveii  a   fictitious  ri  ])Utation   to  strvtdinine  <md  the 
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r.-t     la    th,     trratnunt    ..f   ^h,,,  k  .liuiii;;  ,in  ..non- 
tion. 

Orir  is  jilmost  <(.iiii)<||c(|.  howrwr.  m  -iv,-  soino 
hypodermic  n-m.-dy  to  j.,i,  ify  ,,atients.  fti,-nds.  aiid 
nnrs...  I  hdi,  vc  tli.it  di^'italin  is  usrful.  bo  !,  „i 
th.uniiral  K'n.unds  as  a  cinMilatory  stimulant,  and 
as  a  in  itttr  of  fxpcriencc. 

I  raus fusion. ^Inu-.ivcuini-.  saline  transfusion  es- 
p<<  iallv  in  lari,'c  .luantity,  has  a  delinitr  hut  vry 
small  and  transient  benotKial  effect.  It  may  tide 
the  i)atirnt  over  a  brief  ]Hrio(l,  such  a,  a  critical 
operation.     In  a  few  hour^  its  valiir  is  all  -one. 

In  Hayliss's  gum-saline  transfusion  (f,  percent  ,^um- 
ara.  ia  in  normal  saline)  we  have  a  remedy  of  provvd 
v.due  for  cases  of  severe  los.  .,f  blood  and  ak.,  for 
shock,  but  !t  must  be  given  early,  b.fore  the  tissue- 
•vlls  ha^         dered  from  the  failure  of  ihe  ( irculation 
A   n(;rmai     [uantity   to   introduce   is   abimt   a   junt 
allowmg  lifteen  minutes  for  it  to  run  in.     Ii<4h  in' 
ammals  and  man  it  gives  much  more  lasting  results 
than  sahnes.  because  th,    gum.  being  a  coll.;id  sub- 
stance,   does    not    readily   diffuse    out    through    the 
c.-.pillary  endothelium  into  the  tissues,     (ium  is  not 
such    an    nni.hy.siologiral    substance    as    might    be 
supposi.d  ;    It  consists  of  anhydrides  of  galartt,sc  and 
arabino:.e  (a  pentose  sugar).     It  is  .ertainlv  harm- 
ess  in  Itself.     It  lasts  Linger  than  twentv-four  hour, 
but  less  than  three  week>.  in  the  circulation 

hrlanger  and  Ga.s.er.  finding  little   or  no  beneiit 
irom  Bayhss's  gum  in  shocki-d  animals,  advise  the 
use  of  a  ..3  p,.r  cent  gum  in  i,s  ^n-r  .em  de.xtru.e,  but 
'•  !-  very  (lifluuu  10  iiandie  such  a  viscid  solution 
and  the  results  m  man  are  not  very  convin.ing. 
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(iuintiaii-lu>i"ii,  th<iu;.'li  <  iiii\  <  niriit  and  wiluablr, 
has  tint'  (kfcrt  :  the  tluid  iiituxiiu  id  acts  merely 
;is  a  ])asMiiKtr  ;  it  caiuutt  f^'ive  any  artivc  help 
til  the  oxvK' 'i-"^''*'^''!  ti^suf-crlls.  Tlitrcfon'  it  is 
iiifi  lior  b«jtli  thiiii(ti«  ally  ainl  in  jir.u  tit  c  to  blood- 
transfusioii.  'Hi<  •  \])(  ritiK  <  of  tlw  war  has  con- 
vinced everybody  who  saw  it  u^fd  to  any  extent  that 
this  is  the  be^t  leiiicdial  nie.isure  in  our  armanien- 
tariuin,  <  ertainly  for  the  shoek-haniorrhaf^e  e()mj)lex, 
and  jtrobably  for  \>\ivf  sho' k.  Admittedly  it  is 
diilicidt  to  get  donors  just  when  re(}uired  ;  ad- 
mittedly the  te(  hnifnie  is  ( omi)li(  ated  ;  but  if  a 
method  i>  the  best,  we  ou.nht  to  use  it. 

PREVENT'ON  OF  SHOCK  DURING 
OPERATIONS. 

It  is  difticult  to  })rodu(«'  shock  in  an  (»ver- 
transfused  animal,  and  possibly  a  ])reliminary  blood- 
nr  ^uin-tiansfusion  may  be  of  value.  There  is  no 
doubt  that  warmth,  gentleness  in  operating,  clean- 
<  uttinj;  instead  of  the  pullinj;  and  ti'arinj;  that  Crile 
<lesignates  as  '  earnivijrous  surgiry',  and  attention 
to  hicmostasis,  are  all  important. 

The  nitrous-oxide-oxygen  mixture  is  far  superior 
to  etlu  r  or  chloroform  in  protecting  the  nerve-cells 
against  the  functional  and  histological  changes 
induced  by  a  bombardment  of  painful  or  potentially 
painful  (nociceptive)  imjnjlses.  Spinal  anaesthesia 
did  not  come  well  through  the  ordeal  of  war  ;  the 
abolition  of  nuiscular  tone  in  the  lower  parts  of  the 
lH)dy  allows  a  dangtrous  fall  of  blood-pressure. 
C rile  s    anoci-as>i>ciat!on     methods    .ire    'l^omi'^i^"  ' 
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the  idc.i  is  to  block  all  th«'  no<  iccptive  m«ssaf,'ev 
dtrivid  from  the  operatcfl  ana  by  first  cxposint; 
and  injtrtinK  the  main  ncrvc-tninks  with  novocain 
lor  jK-ritoncal-covcrcd  surfacts  tfic  lonKcr-lastinj: 
quiniii.  -urca-hydro.hloridc  is  used,  lor  some  years 
1  li;ivc  mopjxd  all  suture-lines  in  K-istro-intestinal 
suri;ery  with  this  solution,  and  dipped  the  suture  in 
it.  This  greatly  r. duces  reflex  ^astro-intestinal 
l>araly>is  above  the  part  operated  on.  and  in  cf)nse- 
•  lumce  the  patient  does  not  suffer  to  any  extent 
from  '  1,'as-pains  ',  as  the  Americans  expressively  <all 
them.  The  comfort  after  a  bif,'  abd.jminal  oixration 
i>  oft<ii   most  remarkable. 

After  a  biy  smash  of  a  limb,  it  is  probably  wise  to 
ke<  p  the  tourniquet  on  until  the  limb  is  amputated. 
so  as  to  avoid  absorption  of  toxic  crush-products. 

INTRAVENOUS     SALINE     TRANSFUSION. 

During'  the  past  f.-w  year-^.  the  scofH-  for,'  this 
pidceedinj,'  has  been  enlarged  considerably  by  the 
introduction  of  the  intravenous  m(  thods  of  pving  sal- 
varsan  for  syphilis,  or  ether  as  a  t^eneral  a.iarsthetic 
and  Rogers  reports  great  benefit  from  the  injection  of 
hypertonic  saline  solutions  for  cholera.  The  success 
which  has  attended  its  use  in  the  ^treatment  ..t 
shock,  and  -specially  of  collapse  after  haemorrhage, 
has  caused  it  to  be  used  more  and  more  cxtensivel\' 
for  these  conditions.  At  the  same  time,  some  ver\- 
serious  drawbacks,  in  a  degree  avoidable,  have  come 
to  hglit,  and  with  these  we  imist  now  deal. 

We  need  barely  mention  the  difficulty  of  finding 
and  introchicing  the  rnnnida  into  the  vein,  ilic  danger 
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of  injcctinf,'  air-biibhhs,  and  the  iitco^sity,  whfii  tlif 
^oluli(,n  is  lUiuk'  up  in  a  irivatf  housr,  i>f  u^inc;  (cok- 
ing; salt,  and  not  a  talile  salt  tiilutctl  with  farinaceous 
or  other  material.  More  can;  is  nccessar\'  than  is 
usually  taken  to  src  that  the  teniperalure  at  which 
the  iluid  enters  the  rem  is  correct  ;  that  of  tlie  saline 
in  the  funficl  may  be  many  de^'rees  hij,'her.  especially 
at  first.  It  is  easy  to  let  the  solution  ilow  over  the 
bulb  of  a  tliermometer  before  introdncin'::  the  c  innula. 
Then,  a^^ain.  the  proper  strength  of  sodium  chloride 
(o-Q  per  cent  ;  a  teasjxKjuful  and  .i  hal/  to  the  [)int) 
must  be  employed.  It  is  far  more  i>hysiolo!::ical  to 
Use  Kinf^'er"s  Ihiid,  contaiuuij,'  calcium  and  potassium 
salts  as  well,  with  a  little  de.xtrose  added  to  act  as  a 
fond-stuff.  C(jm()ressed  tablets  of  the  coirect  com- 
l>osition  are  upon  the  market.  Tins  fluid  approxi- 
mates more  neail\-  to  that  ol  plasma,  and  iv  (  apable  of 
maintaining  the  life  and  activity  of  the  tissues  much 
longer,  than  sim|)le  saline. 

There  are  two  dangers  which  ma\'  follow  the  trans- 
fusion. The  first  depends  upon  the  water,  antl  ihv 
second  upon  the  salt.  Wechselmann  m  (iermanv, 
and  Hort  and  Penfold  in  Kngland,  have  pointed  out 
that  water  suj'posed  to  be  sterile  usually  produces 
shiveiing  and  f-ver  in  animals,  and  frequentlv  in 
man,  alttr  intr.ivenous  translusion  or  sul'cutaiifous 
injection.  In  \Vechsrlmann"s  cases  this  was  usually 
due  t'>  actual  contamination  with  bacteria  during  the 
days  or  weeks  that  the  water  was  left  standing  after 
distillation.  The  linglish  observers  found  that 
although  water  jusf  distilled  and  CDllccicd  m  a  glass 
retort  jirodticed  no  fevcr,  yet  wiihin  a  few  days  after 
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standing,'  in  scikni  stt-rile  wssfls  it  .icfimnd  the 
property  of  trivin.i,'  nso  to  fever,  v.m\  that  in  spite 
of  boiling  or  filtration  throiit,'h  a  Berkef<l(i  filter 
iniinediatciv  befcn-  uS''.  In  some  cases  the  teiiipera- 
ture  was  hi,i,'li,  Inil  not  fatal  unless  tiuite  lUiMiitable 
injections  were  given. 

Another  danger  dejieniK  ,,;i  the  salt  used.  The 
total  quantity  injected  may  be  very  large— ten  gTanis 
or  more.  A  '-onilition  o.  liydr;emic  plethora  is  likely 
to  be  induced,  that  is.  a  dilution  and  increase  m  the 
totd  volume  of  the  blcxnl.  As  Lazarus  Harlow  has 
shown,  the  siiccific  t^ravity  at  once  falls  (e.g.,  from 
1-064  to  I •054).  The  kidneys  and  lymph-channels 
promptly  excrete  the  excess  of  Huid,  and  in  many 
rases  overshoot  the  mark,  so  that  evenluallv  the 
sl^ecific  gravity  may  be  I'oUj,  signifying  of  course 
that  the  blood  is  less  in  l>Klk  a:  d  more  concentrated 
than  it  was  before.  This  does  not  cK'cur  if  the 
Mipply  of  fluid  is  kej^t  u{^  by  further  injections,  or 
saline  given  by  the  bowtl. 

If  the  kidneys  are  not  capable  of  excreting  the 
wat'T  .ind  salt  (juickly  enough,  some  (I<'gree  of  dropsy 
m.iy  occur,  and  as  the  Grunbaums  have  pcjinted  out, 
this  may  take  the  form  of  fatal  oedema  of  the  lungs, 
which  has  frequently  been  described  as  following  s  ihne 
transfusion,  esjiecially  in  patients  with  nephritis.  The 
C.riinbaams  consider  that  the  use  of  ether  as  an 
anasthetic  helps  to  determine  the  occurrence  of  stich 
pulmonary  a>dema.  If  the  salt  solution  injected  i^ 
too  concentrated,  a  greater  degree  of  i.vdnemic 
plethora  is  induced,  and  tlie  risks  of  puhnonar\ 
<edema  are  increased  ;    natur,,;!v  it  is  more  hkelv  to 

nCCtir   .after     1    Ifir.r,»   itii.wf i   ,t%    ♦l.^.rn     .    ..->,. .II   .  ., ,, 


I  'I 


If;' 


lot; 


!Sl'Ii(;i('AL    SHOCK 


TJirsr  unfavourable  possibilities  are  not  mentioned 
to  prosciil     the  use  of  saline  transfusion,  but  to  call 
attention  to  the  best  methods  of  avoidint,'  complica- 
tions.    Of  the  last  eight  cases  in  which  it  has  been 
nsr.l  at  tlie  Bri>tol  Koy.il  Infirmary,  only  one  (a  case 
of  mesenteric  thrombosis)  died,  although  the  treat- 
ment is  reser\-ed  for  tlie  most  desperate  conditions, 
especially  h.emorrhage.  and  most  of  the  patients  were 
pulseless,     Xrither  fever  nor  huig  complications  re- 
sulted, although  a  solution  which  had  been  standing 
was  used.     Several    of    the   patients,  however,   had 
fever  before  the  injection  began,  and  this  ce  .tinued. 
Not  more  than  one  or  two  pints  were  use.l.  md  this 
was  followed^by  saline  per  rectum  in  most  instances. 

To  obtain  the  best  results  and  the  fewest  fatalities, 
not  more  than  thirty  or  forty  ounces  of  freshly 
distilled  water,  collected  in  a  sterile  glass  vessel, 
should  be  injected.  In  this  a  {)()wdcr  having  the 
composition  of  Kinger's  fluid,  with  dextrose,  should 
be  dissolved.  The  powder  must  be  sterilized  or  the 
solution  boiled.  The  transfusion  must  be  made 
slowly,  and  at  a  suitable  temperature  (ioo°  F.), 
and  it  should  be  followed  by  saline  injections  per 
rtrtuin  u>  avid  the  reversal  of  the  etfect.  If 
Bright 's  disease  is  known  to  he  })resent,  the  treatment 
snould  not  be  used. 


ki:fkukx(|{s. 

Ki-Ni.iL-Siiokr.      lint.   Jom:   of  Sun'-,    on...    |;,n  .  p.  40- 
Mid.    .111)!  ,    i<,i.,,    i,;^,,.    Article    "  SJio,  k 
l.cctUK',  l.auiit,   1 9 1. 1,  1.  p.    {71. 

I'M-i.  AM)   i.Aloi.wv.      Joiir.  ,7  l'h\su'l..    1919,  lii,   355. 
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CHAPTER    V. 

RECENT    WORK     ON     THE    FUNCTIONS 

OF    THE 
STOMACH     AND     INTESTINES. 

MUVEMKNTS       or       THE       STOMACH     -        MOVEMENTS       OF       Till: 
INTESTIM     -SI;nSATIOS      I\      THE      AI.IM  ICN  FAKY     CANAL 
\  AKIATIONS  I.N  THK  HVUKOCMLORIC  ACID  Ol-  THE  STOMACH 

THE     PHYSIOLOC.Y     O.-     li ASTHOJ  KJ  f  NOS  1  OM Y— AHSOR!' 

TION    IS    THE    COLON. 

IT  is  tnie  in  a  very  special  depree  concerninf;  the 
stomach  and  intestines,  tliat  we  have  learned 
much  about  the  physiology  f)f  animals,  but  little  of 
the  functions  of  man.  Wliat  is  particularly  needed 
at  the  present  time  for  a  better  understanding, 
of  the  processes  that  take  place  in  the  alimentary 
•  anal  is  more  study  of  human  material.  Happily, 
during  the  past  ten  years  a  considerable  amount  of 
knowledge  has  been  gained,  but  much  still  remains 
obscure  ;  and  especially  we  need  information  as  to 
the  relations  between  the  functions  of  one  part  of 
tlie  canal  and  another. 


MOVEMENTS     OF     THE     STOMACTH. 

There  are  several  methods  of  studying  these  ni 
mm.  One  is  by  examining  with  the  x  rays  after 
^living  a  barium  (or  bismuth)  meal.  Watching  with 
tlie  iluorescent  screen  is  more  informing  than  taking 
]  'latL- .     ( )r,  one  may  pass  a  stomach  tube  at  intervals 
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an<l  (ir.-uv  off  the  contents  until  the  vi^rur;  is  emi^ty. 
Or.  arublKT  ball  and  tube  (like  that  often  u>ed 
l)y  lihotof^Tajjhers  to  release  the  shutter)  may  b.- 
--waJlovved.  and  the  ui^inr  «'nd  of  the  tul)e  attached 
t..  -Marey's  tambour.  Many  viihiable  o!)>ervation> 
have  been  made  bv  this  method  In-  Carlson  in 
AnnTicri. 

The  stomach  consists  of  (wo  distinct  parts,  whicii 
behave  quite  differently  dunn-  di,!;'estion.  Th,-  r.i,- 
<liac  end  and  the  greater  i>art  of  the  bodv  form  an 
oval  reservoir  l\ing  vertically,  'with  a  well-marked 
angular  ring  separating  it  off  from  the  horizontal  or 
ascencUng  narrow  tubular  pyloric  antrum.  Aftrr 
death,  or  under  an  an.estheti-  *\is  distinction  is  lost, 
but  it  is  often  seen  in  fo:  n-hardened  bodies. 
Just  after  a  meal,  the  greater  curvature  forms  the 
lowest  j^oint,  and  in  men  whil.;  st;mding  it  falls  a 
few  centimetres  below  the  umbilicus.  Later,  as  the 
stomach  shortens,  the  pylorus  becomes  the'  lowest 
j)oint. 

-Vfter  an  ordinary  meal,  movements  of  peristalsis 
start,  usually  about  the  middle  of  the  cardiac  reser- 
voir, and  advance  in  regular  waves  towards  the 
l)ylorus.  which  remains  tightly  closed.  In  man,  the 
waves  are  about  three  to  the  minute,  and  keep  on  so 
long  as  there  is  food  present.  The  consequence  is 
that  the  gastric  contents  become  thoroughly  mi.xed 
with  the  digestive  juices.  After  a  while,  when 
these  contents  are  stif!i,ientlv  acid,  tlu-  pvloru> 
begins  to  yiehi  momentarilx-  at  intervals,  aiid'to  let 
the  too.:  through  into  the  duodenum.  Whilst  acid 
IS   present   on    the   far   side,    the  sphincter   remains 
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cl(»se(l  ;  wlicn  it  is  neutralized  it  oj)ons  again.  Thus 
acid  in  the  stoni.ich  opens  the  i)ylor;is  ;  acid  in 
the  (hiodcnuni  closes  it.  This  goes  on  until  the 
stomach  is  empty.  Even  then  peristalsis  may  not 
cease  (Hurst),  but  the  pylorus  lies  open,  and  bile  and 
duodenal  contents  ])ass  in  and  out  without  causing 
any  discomfort.  The  stom.icli  normally  emj)lies  in 
Ic-s  than  four  to  hve  hours.  It  is  said  that  ti(  kliii:,' 
the  ribs  may  lead  to  a  rctle.x  emptying  of  the  stomach, 
<  sjK'i.illy  about  three  hours  after  a  meal. 

The  effect  of  the  principal  foodstuffs  on  these 
mo\ements  must  now  be  noticed.  Water  runs  out 
at  the  pylonis  almost  as  quickly  as  it  enters  by  the 
cardiac  orifice.  The  clotting  of  milk  is  probably 
designed  to  jirevent  the  same  thing  happening ; 
otherwise  it  would  run  through  the  stomach  and 
duodenum  without  giving  the  i)e{)sin  and  trypsin 
time  to  act  upon  it.  Carbohydrates  do  not  stay 
long  in  the  stomach  ;  fats  and  proteins,  however, 
may  remain  for  several  hours.  In  a  normal  human 
stomach,  nothing  should  be  present  before  breakfast 
in  the  morning;  if  there  is,  some  stasis  must  be 
occurring. 

.\  number  of  investigators  at  the  Jefferson  Medical 
College,  Philadelphia,  have  made  some  interesting' 
observations  on  the  time  taken  to  empty  the  stomach, 
and  the  total  acidity  developed,  after  partaking  of 
various  forms  of  meat.  They  hnd  that  there  are 
two  types  of  human  stomach,  the  rapid  and  the 
slow,  and  that  there  may  be  so  much  as  an  hour's 
difference  in  the  emptying  time.  The  method 
employetl  was  to  pass  a  stomach  tube  to  empty  the 
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stomach,  then  take  th<'  meal  and  leavi-  the  tube  in 
I'larc  until  the  \v;i>hiiif4s  showed  that  evcrvthing 
had  passed  on  into  the  duodenum.  A  f?rcat  number 
of  e.\]>(rimcnts  utie  made  on  many  subjects,  and 
tlif  meat  was  ccoked  in  cnitv  conceivable  way. 

Beef  takes  2\  hours  to  leave  the  ra]>id  tyj).'  of 
>tomach  ;  3i  iKuirs  in  the  slow  type.  The  aciditv 
rises  to  equal  120  ex.  of  (Kcinormal  alkali.  Whether 
the  meat  is  roa>t,  boihd,  or  corned,  the  timis  and 
acidity  are  the  same.  Pfjrk  t.ikes  a  littl(>  Inniier, 
and  the  acidity  is  rather  less  (on  ai'count  of  tin- 
fat  mixed  in  with  the  meat  fil)re).  liacon  and  frit  d 
liam  digest  slowly- -4  to  4\  hours — and  the  acidity  is 
low.  Lamb  is  in  all  respects  much  the  same  as  bed. 
The  rapid  t\-pe  of  stomach  deals  with  eggs,  however 
•  ookiil,  in  2I  hours,  the  slow  type  in  3  hours.  The 
;icidity  only  reaches  No.  If  the  egg  is  cooked  with 
fat,  the  time  is  a  little  longer.  Raw  egg-white  is  out 
of  the  stomach  in  ij  hours. 

Emotion  hinders  peristalsis.  Excitable  cats, 
especially  males,  often  show  no  movements  for  a 
long  time  after  being  tied  down  ;  Cannon  did  most 
of  his  work  with  placid  elderly  female  cats.  Fever, 
such  as  (hstemper  in  dogs,  also  diminishes  the  move- 
ments ;  in  fact  food  may  lie  all  day  without  moving. 
There  is  great  delay  after  abdominal  operations.  If 
the  jejunum  is  cut  across  near  the  upper  end  and 
then  sutured,  the  pylorus  remains  tightly  closed  fcr 
about  six  hours,  even  if  food  is  given. 

Solid  pellets,  such  as  bismuth  pills  or  lead  shot,  are 
not  allowed  to  escape  readily,  and  a  bread  mixture, 
which  usually  began  to  pass  out  into  the  duodenum 
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in  fifteen  minutes,  was  rot, u nod  lor  forty  niinut.'s 
when  the  pills  were  given  with  it.  This  probably 
occurs  when  hard  indigestible  articles  are  taken  as 
food,  and  the  powerful  peristaKis  aj,Minst  a  spas- 
modically contracted  pj'lorus  causes  pain. 

Hyperchlorhydri.i  in  animals  inchices  piohni^'od 
spasm  of  the  pylorus,  lasting  over  manv  hours. 
h<rause  the  acid  in  the  duodenum  takos  s..  ion- 
being  neutralized. 
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MOVEMENTS    OF    THH     INTESTINE 

We  have  always  known  that  the  small  intestine  is 
continuallv  in  movement,  the  main  character  of  the 
movement   being   an  onward   sweeping  wave   railed 
peristalsis,    carrying   the    bowel   contents   from    the 
stomach  to  the  colon.     Peristalsis  consists  of  a  wave 
of  relaxation  pursued  by  a  wave  of  constriction.     It 
is  controlled  by  a  purely  local  mechanism,  and  will 
go  on  after  all  nerves  have  l^een  severed,  or  even 
after  taking  the  intestines  right  out   of    the  body. 
After  cutting  the  bowel  across,  the  wave  is  stopped 
at  the  point  of  division.     Fortunately  for  the  practice 
of    end-to-end    anastomosis   of    the   intestines,    any 
bowel  contents  which  may  be  pushed  through  the 
junction  will  start  a  fresh  wave  of  peristalsis  on  the 
distal  side  of  the  union.     Though  the  movements  are 
not  ile{)endent  on  nerves,  they  can  be  influenced  by 
the  central  nervous  system,  as  every-  one  knows  who 
has  suffered  from  an  attack  of  '  e.xam-funk  diarrhoea  '. 
The   vagus   stimulates   peristaltic   movements;     the 
splanchnic  nerves  inhibit  them.     In  the  small  intestine 
peristalsis  is  normally  only  from  stomach  to  colon. 
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anil  .1  I)i^inuth  iiioal  in.ik''-  tlir  jourticy  in  about 
fcnir  liotirs.  There  i.-.  a  sort  of  i>cntlulriia  swing- 
swaiig  of  whole  luojis  of  I)o\vel  fToiiv^  on  at  tli<'  samo 
time,  and  aI->o  a  -(^mentation  inoveinetit,  l)reakiii(4 
u])  the  alimeiitarv  contents  into  >hort  leni^'ths.  In 
the  lar^e  intestine  the  ronthtion^  an-  very  different, 
and  lia\e  an  ini])ortant  l-t.irini;  on  errtain  opr.itive 
))rote(hn"es.  I'hi'  nio\('[iii'!il-  in  man  m  iv  he  studied 
by  '-kiaL;ra]>liv  aftir  l)i--muth  meaN  or  bismuth 
encmata,  and  l)y  ol>ser\ations  on  ])atients  who  have 
"-nlft  red  various  forni->  of  ( ^^l(J-^tonl\ ,  ileosi;;moid- 
ostoniy,  -ind  exchi-ion  (»])erations.  When  thi-  abdo- 
men i^  o])ened,  intestinal  ]>eri<t.d-is  Mion  comes  to 
an  end  oitacicunt  of  t!ie  ra])id  I(j»  of  ("()..  fnmi  it.-> 
walls.  Saline  solution  -aturated  with  ('().  restores 
the  movements  to  normal. 

In  the  c;L-cum  and  the  ascending,  transverse, 
descending,  and  pelvic  portions  of  the  colon,  the 
mot(jr  functions  are  involuntary,  as  m  the  small 
mtestine,  but  with  some  --trikitig  diilerences.  The 
food  residue  does  not  travel  at  a.  ^low  re!.;ula.  rate 
of  progre<-  throui,'h  the  large  intestiiie.  It  lingers 
in  ])articular  lo(alitie>,  such  as  the  i.ecum  and 
ascending  colon,  the  middle  of  the  tran--\er.M-  colon, 
the  pelvic  ct)lon.  an*!  the  rectum,  for  hour>  at  a  time, 
and  althoutdi  it  has  been  denied,  it  i-  certain  that 
antiperistalsi>  occurs.  In  the  small  intestine  anti- 
pi'ristabi=^  is  rari'  ;uul  i)athologii  al.  Three  or  four 
times  a  ilay,  e-^j)ecially  by  a  gastrocolic  reflex  after 
taking  food,  t!ie  mtolinal  contents  are  carried  on- 
wards for  several  feet  by  ma-si ve  wa\e>  of  peristalsis, 
of  which  the  jiaticnt  i-  normally  (juite  unconscious. 
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Th'-^e  waves  Imvf  Ix.n  v.itiusMd  hv  a  niiml.rr  of 
obs<TV(Ts.  Here  uv  l,a\v  tl,r  explanation  of  '  lieii- 
tcric  •  diarrhma  imiiKHliatcly  following  a  nieal.  and 
alM,  th.-  pain  after  food  met  with  hv  some  sufferers 
irom  chronic  constipation.  The  bismuth  meal 
normally  reaches  the  p.lvic  colon  in  about  twenty- 
four  hours. 

The    existence    of    currents    of    antiperi>talsis    is 
veiv     important     sur-ically.       Manv     patients     on 
wliom    ilco.igmoidostomv    (turning    the    ileum    into 
the  j>elvic  colon  or  si-m-.id)  his  been  j)erfonned  for 
,^'i.)wth  of   the  ascendin.L'  colon  havt:  suffered  great 
subsecpieni  di.comi     t  from  the  passage  of  g,is\ind 
fac'ces  into  the  blind  loop  of  colon,  from  the  o|H,-ning 
into  the  sigmoid  up  into  the  descending  colon    and 
so   roun.l   towards   the   c;ecum.      In   some   cases   a 
second  operation   has  been   necessary.     In   all  ana- 
stomoses and   excisions  of   the   large  intestine   this 
physiological    factor   must   b-  calculated   upon   and 
provided  for.     In  some  cases  an  appendicostomy  has 
oeen  performed  to  allow  flatus  to  escape  and  to  make 
lavag,-  possible,  i)ut  this  is  not  very  effectual.      I  have 
on  many  occasions,   when  performini,-  an  end-to-end 
ana^tomcsis  of  the  ileum  to  the  pelvic  colon  to  reliev. 
<'b>tructive  conditions,  exteriorized  tne  distal  stump 
"f  the  ileum  a  few  inches  from  th.-  ileo.-.ecal  >phincter 
-More  than  once,  especially  after  j,dvink'  an  aperient 
the  contents  of  the  ileum  having  entered  the  pelvic 
tc    .11  have  been  earned  by  antiperistalsis  round  the 
dr>rend!ng,  transverse,  and  ascendini,^  colons,  forced 
the  valve,  and  disch.irg.-d  on  the  surface  thron-h  the 
>tuniT) .  if  ileum.     i„  „i,,^t  neoph-  antiperist.-dsis  i<  n^'t 
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so  -tniiiL;  .I--  tlii^,  luit  it  <  :in  \<r  -icn  l)v  li.niuin  ^kii- 
L:r;i])liv  swc(  pitii,'  tlic  iir;il  cfliux  that  lia-  |ii->t  frit'i«<l 
the  ])(lvic  cnlon^  up  .1^  fir  .1-  tlir  >))l('iii<'  tloMir-'. 
After  ^ix  ini<nth-^  I  <  lu-c  tlir  ilril  ■^,if^tv-val\^■. 

W'c  ail'  ( 'imin.u  to  look  upon  tlic  --toina<  li  .lud  iutf^- 
tiiu>  a>  rf-tiiibliiit;  a  raiial  ^\-t(rii  with  lo(  k-;^ati'> 
( (.niu(  t«(l  I'V  t(  l<'])hon.',  mi  that  tin-  -tatr  of  tr.itVn-  at 
oiif  !<»<  k  has  an  iiithni'..  .  n]Min  thr  ratf  at  whii  h  hoat- 
aif  .illo\Vf(i  thnm::ii  tlit-  loi  k-  aho\f  and  hflow. 
Arconhii,^  to  Keith,  there  are  >eveii  s])hineti!>  miard- 
ini,'  the  >toina(  h  and  intestine-,  be^idt^  one  at  the 
junction  of  the  ]>haryn.\  and  .L->o]ihaj^'u-. 

1.  'I'hi-  lardia,  at  the  junction  of  (L^ojiliaiiu^  and 
toniach  ;    (  ontaius  a   -peeial   type  of   uium  le  called 

'  nodal  tis>ue '. 

2.  The  pxliinis,  with  a  node  near  th(    hile-duct. 

.J.  The  duodcnnjc'niiud  Jlixurr,  with  a  sp(M  ia! 
ner\e->upply. 

}.  Tlu'  Ucocacal  '  .(//:■<  '  with  a  lonj^  tuhul.ir 
s])hincter  just  above  it,  with  a  s[)icial  ner\e-sui)])lv 
from  the  vagus  and  splanchnics. 

5.  The  fransvrrsc  colic  sphincter,  iu>t  below  the 
pylorus,  with  a  s]K'cial  atM\e-supply. 

().  The  pelvirectal,  at  tin-  junction  of  the  pelvic 
colon  and  rectum. 

7.  The  anus. 

The  clinical  evideni  !•  for  some  of  these  is  at  present 
slight  or  wantini;,  but  (  oncerniiiL;  four  or  live  there 
is  no  room  for  iloubt. 

Hur>t  has  recently  drawn  attention  to  the  function:^ 
of  the  !leoc:L'cal  sphincter,  which  guard>  the  passage 
throUL'h  the  ileociccal  '  \al\e',   and  delavs  the  entry 
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•;'■""•  '-"ntrnt.of  th..  >mall  mtrst.n,- until  timr  h.is 
I'-n    .illouv.l    for   proper   absorption   of   foo.l->tutTs 
>ki,.i^r,,])|,v    aft.r   ;i    hariun.    m.al    show.    lU.a    th- 
v-.ni^uanl  of  tlu'  nual  n-adus  tfu-  c.xrutn  in  four  to 
Uvv  hour.,  hut  that  tho  n>ar£,'uar(l  is  h<-I<!   up  bv   th.- 
^phuirt.r  until  about  nii..-  hours  after  th.-  fo...l  was 
^■iv.  n.     In  .,,>.-.  ,,f .  hr..ni.-  appondi.iti.  this  >phin.t.-i 
m,iv  r.n.an.  tit^'htlv  n.ntra.-ted  for  as  I.ni-  a.  twmtv- 
f'Mir  hour,     a  highly  >i-niricant  ob>rrvati..n    a.  uv 
-li.ill  Mv.     \\  h.iu-v(-r  food  is  tak.-n  into  the  st<.ma.-h 
til'-  il-'ociLval  s])hin(t.-r  is  ri-llexlv  uihihitt-d.  and  tlu- 
l.i-t  ..>nttnt>  of  the  il<-um  i)ass  thn)ut,'h. 

A  i-ati.-nt    uas  rc.-.ntly  muKr  mv  .an-  who  had 
'i."l  the  .aruMi  ojx-nod  ni<.r.-  than  a  v.-ar  b.  for.-  to 
Min-    .hroni.     dy.M-ntc-ry ;    th.-    wall    of    the   nvrum 
turn.-.i  uiMd.-  out  and  ])folap>ed  through  the  wound 
<xp..Mn,^'  the  deo.a-cal  '  valve  '  on  tlu-  surface  s..  that 
Its  action  could  .-a.sily  be  watched  (see  Fronti.piece) 
It  was  (pute  ..bvious  that  there  was  a  raised  rin«  of 
niu.cle  constituting  a  sphincter  f,'uardini,'  th.-  oritice 
and  m  ordinary  this  sphincter  was  closed.     Within  a 
few  ininutt-s  of  .walL^win^'  food  the  sjihincter  nlaxed 
and  lay  .pute  patulous  for  half  an  hour  or  more  after 
the  meal  had  been  finished,  and  jets  and  squirts  of 
<'ranKe  or  brown  li.piid  f.eces  were  poun-d  throuf,'h 
the  .oritur,  a  t.-aspoonful  .,r  two  at   a  tim.-    ev.-rv 
nnnute  ..r  >.,,  by  the  jx,'ristalsis  of  tlu-  il.-um.     Thi'. 
IHTi.tal.M.  c.mld  be  seen  goini,'  on  thnnu^-h  the  thin 
everted  < .ecal  wall  all  the  time;    it   nev  r  stopped 
'  ^VIl  when  the  valve  was  not  working.     There  were 
•UA-er  any  movements  of  the  ca-cum.     This  accords 
with  what  one  >;....c  ,,,.  ^,.^p,.^:.,..  u,,  ^i  11 
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ill'  -in. ill  i.iti  -tine  i-  II.  \(  r  -till,  hut  tlir  l.ii:<  iiitr-tiiii- 
i-^  u-u,ill\-  'luicM  (lit.  A])])lyiii^  in  uK  <>r  ,ilk,ili<'s  to 
tlif  ( ,i(  ,il  iiniro-.i  (lid  imt  ,iIt<T  till'  I  ttlu\  in  aiiv  w.iy. 
I'ini  Iiiiii:  tlir  i  .n  a!  w.ill  udulil  not  st  irt  ;in  <  ttlux,  hut 
<!tl.iv<<l  It  ti)Mini<-  'xtrnt  ulicn  it  \va>  already  .ictivi-. 
^iinil.ir  i  ,i-is  h.ixr  hicn  <l(v(  rihiil  li\-  M.n  lurn  and 
h\  !\iitli(  iford.  In  Kutlurfnid'-  ])atirnt,  it  was 
<'l)-ri\i(l  that  III  t,d  I  i;i  inata  <  au-«d  tinat  a>  tivitv 
of  the  ilruin  with  <>]><nini,'  nf  th'-  -]iliin«  ti  r  ;  thi> 
did  nut  dht.nii  in  inv  (  a-r.  'I'hu^  wc  vt(>  that  the 
iliMK.ical  >])hin<  tfi  i-  r.ll.  \I\-  inthuiKnl  hy  sumIImu- 
iii;',  and  ]m  iha])-.  al-M  \)\-  i.l,i.\,iti"n  (,f  thr  <(,!()n 
-piiin'  t.  !->  ;  ind<<(|,  it  \\..uld  a}>])car  that  the  ])a— ai;'- 
<if  f.Mul  into  tin  >t  )niarh  is  tlic  iiMinial  --tiinulu^  for 
'  ni]itvin.iL;  thr  lonttiits  of  the  di-tal  roiN  of  thr  ilruni 
n;to  the  lai>;i'  intc-tinc  Thf  tlllnx  did  not  cntirrly 
<  rase  when  no  food  was  Ixinq  takfii,  hut  our  niit^Iit 
w.itrh  for  halt  an  hour  without  anvthini,'  oi  i  urrini,'. 
<iittini,'  u]»  and  ualkint,'  ahout  Ird  to  j,'natLT  a<- 
ti\ity.      Th'Tc  was  no  K'nat  loss  of  flesh. 

Whui  lo.  .:,y  rea-oii,  -.lu  h  a.  (  hronir  intestinal 
stasis,  hands  or  kinks,  j^Towths  of  the  colon,  or 
«hronie  a])])endi(  iti-.  the  ]>assat;e  throui,'h  from  the 
ileum  to  the  e.fcum  i-  delayed,  theri-  's  also  delay, 
u]>  to  twehe  or  twt'Dty-four  hours,  m  emptyin,^'  of 
the  stomach.  When  the  cause  of  irritation  or 
methanicai  hlock  in  the  ilcoc(jlic  n'.uion  is  removed, 
]iroper  emptyin.i,'  of  the  stomach  in  the  normal  time 
is  soon  restond.  I  have  M'N'eral  times  veritied  this 
l)y  barium  skiaKra])hy  after  o])eration. 

The  ileocecal  '  wdx'e  '  is  after  all  a  \alve,  though 
It-  })ri]ii  ipal  fuii'  tion  i-  a-  a  .-])hincter.     In  ordinary. 
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.  n.  nuta  .1..  imt  j,  ,s^  it,  1„„  thrv  ran  oftm  1„.  ux.vl' 
'■'  ^I"  >o.     Ar,„r.iiM^'  to  (a.r,   thr  Amm.  an   r„l,„. 
i:r.il.li.r,  m..„np.trn.  V  ,.f  thr  vahv-a-tiM,,  ,,  .,  fpnt- 
fnl  MMin.    Mf  alKl-niiiial  i)aiii  an.l  ..thcr  ^vm^torns 
HI.  1.  a.  altrrnatin-  .liarrh.ra  an.l  ( ..nstipati.Mi    Ium.i' 
"»i".  an.l  arthritis  win.  h  mav    br   clu.- to  f.x  cmia 
ihls    virw    ,,    shared    f,y    cluii.  ians    iKvUm:-    ..f  ) 
''"•  iiH-oinprtcn.vcan  he  (l.ni-n>trat.-(l  \>v  wat.hin" 
•'    I'iMnuth    .nrn.a   .ntcrinK    the    lUnm    umlrr    th^ 

iVton-   turning   froni   the   motor   ft;  -^   „(   th.- 

intcstinos,  an.jther  ex|)onni.'ntal  obs«.Tvaii.,.         nts 
attention.     Pawlow  found  that  strong  stimulu.         A 
anv  sensory  nerves  might  cause,  in  dog>,  prolonged 
rotlex    arrest    of    i^enstalsis.     Injur>'    of    abdormnal 
viscera  was  particularly  hkely  to  do  so.     Cannon  and 
A  urphy  have  shown  that  even  gentle  manipulation 
"t    the    b.,wel    causes    cessation    of    all    intestinal 
movements  for  three  hours  or  more.     The  condition 
might  be  described  as    ■  intestinal   shock  '.     It  is  of 
creat  surgical  importance.    Arrest  of  peristalsis  ruite 
ar<irt  from  i^eritonitis,  occasionallv  follow,  strangu- 
lated hernia,  even  after  successful  operation  ;   it  may 
accompany  gall-stone  colic,  and  it  mav  even  occur  as 
a   ncuro.is   or   in   association   with   organic    ner%-ous 
disease,     some    interesting    cases    are    reported    by 
Walton  m  a  discussion  of  the  subject.     The  milder 
degrees   of    the    condition    will    vield    to    tur|)entme 
eneniata  and  to  saline  purges,  but  there  are  instances 
m  whicn  all  drugs  are  vomited  and  the  block  seems 
to  be  too  higu  for  enemata  to  act.     {fere  we  may 
try  the  effect  of  physostigmine  (cscrine)  >a!icylat. 
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'"  1. ',•,-&!"■  <l<)^c-s,  gi\-('n  iiy[K)(kTnur:ill\-  cx-crx-  four 
liours  for  six  doses.  Our  personal  exfienence  of  it 
is  favonral)le.  Walton  shows  hv  a  cliart  that  the 
evacuations  wJien  this  dru.i,  is  t:iven  after  abdoniin.il 
operations  arc  much  more  fretjuent  than  without  it. 
It  is  scarcely  at  all  apenent  in  health,  workiii!:,'  h.-st 
when  the  local  nerv(  ganglia  in  the  intestine  are 
thrown  out  of  action.  It  is  of  course  an  old  and 
well-known  remedy,  acting  hke  inlocarpine  by  stimu- 
lating the  nerve-endings  in  unstripe<l  muscle. 

Pituitary  extract  often  works  well  in  these  cases. 
It  i->  better  than  phyv.xti-miiK'.  Whdi  .ill  ebc  f.iil> 
and  dra-tir  mi  asuri-  are  neecK'd  to  git  the  bowi-ls 
to  work,  I  u'^r  a  sort  of  tri])l«-  at'ai  k.  givim,'  tv.o 
diop>  ol  (  p.tun  (,il  by  niwuth,  then  four  hours  .ifter- 
Wiird^  an  alum  < ncma,  and  iiiimedi.it.Iv  it  has  be.  n 
injt'i  ted  .III  mtramusrular  do~e  of  jiituitarv.  Thi> 
has  siived  four  or  hve  lases  that  scnned  certain  to 
•  lii'  of  intrstiii.il  ])araiv>i<  and  toxamia. 

A  few  further  pomt-^  may  be  summarized  brielly. 

Intestin.il  colic  is  due  to  some  interference  with  the 

normal  relation  between  the  wave  of  relaxation  and 

the  follovving  wave  of  contr.iction,    v  hicli  make  up 

normal  perist.Usi  . 

Ordinary  constijiation  is  rarely  du.'  to  .my  prolonga- 
tion of  the  normal  four  hours  taken  by  tlie  bismuth 
meal  to  pass  from  the  stomach  to  the  cecum.  Some- 
times the  delav  is  in  the  whole  length  of  the  colon  ; 
sometimes  the  f.ecc-^  reach  the  rectum  and  pelvic 
colon   in  good  time,  but  are  retained  there. 

There  is  .1  inndition  lii-t  d.-.rilxHl  by  .sir 
A:butliii.)t    Lane,   .ind  di  iiioii^trated   liv  -kiagraphv 


STOMACH     AN!)     INTESTI NKS 


U'.t 


by  jor-Lin,  'Tilled  chronir   inlrstinal  st.isis.     I  us.-d 
to  nt;ard  it  .is  ,i  ran-  di-cas(>.  but  tlic  .xiKTitiirc  of 
thr   i)a-t   tiv  ytar:^  has   led  me    to    hdirvc    tliat    ir 
I-'   vtTV   common,    but   often    ..v,'rlook''d  even    at   a 
l.i]>.in)tomy.     The  symptoms  f.)rm  an  t  xtraordin.iry 
and    most  ]Hq)I('.\inK'  mimicry  of  other  and   better 
d(  lined  aihnents  which  t;ivv  rise  to  abdominal  ])ain, 
-onietimo    associatrd     wUh    extreme    wasting'     or 
vomitini,'.     Some  of  my  cases  pres.'nted  the  elinie.il 
pi-ture  of  t:a-.tric  ujcer  or  cancer,  otlier-.  of  chroni<- 
ap])endi(iti->,  others  of  canc'T  of   tlie  colon,  and  in 
-ome  patients  the  sym])tomN   were  in<lel;!iite.    .M.n. 
women,  and  children  ar  ■  all  a!tr,  ted.     At  operation 
on.'  tnids  i,'re.it  distention  and  dro])pinK  of  all  parts 
of   the    lar.ue  intestine.  e>peci;dly  the  c.e.um,   witii 
adheHon-b.inds  holdint;  it   u]).     (Jne  of  thesr  band> 
1-^  railed    Ia(  keen's  p.rirolie  membrane.     Th.-  a])])en- 
di\  i-  sometimes  j)res-.ed    into  service  to    act   .as   a 
-liiii,'-l'.ind.     Th.'    ileum    is    kink.'d    down    near    its 
iernnnati.)n    by  another    band.     The  duodenum   is 
creatly    dilated.      In    this   disease    the    whole    lock- 
^;ate  >y>tem    is   thoroughly   disori^'anized,   and   f.jod 
may  lie  f,,r  a  day  or  longer  in  the  stomach.     It  is 
uncertain    how    far    all    this    i.    du-'    to    me.hani.al 
ol)>tru.tion    associated    with    drop|)inK    of    all    the 
visctra  (the  kidney  often  dro})s  too),  or  whether  the 
n.TVM,!^    n.fl,.x,s    that    govern    the    sphin.-t.-rs-  -the 
tei.i^hon.-  i:Htallation  of  tli."  |ock-f,'ate  system  -have 
bn.ken  d..wn.     If  medi.al  featment   (corsets,  belts, 
h'lni.l    ])arathn)    pve    no    r.'li.'f,    operation    becomes 
neer...irv  in  the  worst  cases.     I  have  no  stere.)typed 
{iro.T.lurr  ;    v.nutimes  it  is  Millieient  t.)  remove  the 
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•■il>]>' ii'.ix  Awl  l.,i!i(i>  ;  in  ,, tiler  .  ,i>.s  ccoplicatiMn 
:-'iv.>  .1  i^ood  ix'Milf.  it"  til--  v.Iim]..  ,  .,lun  is  ;it  fault, 
IH'ifMrin  !lcf)si,t,'inoi(i(.^t..inv  i.ii,l-t(;->i(le  union  of  tlir 
il'iMii  with  the  pclvir  ...i,„|  with  .■xtrri,,ri/ati..n  of 
thr  (li.tal  .  ;i(I  u{  th  ■  iNmii  ,,,  ;i  ■,;if,t\ -v.iivc  for  -^ix 
months.  This  ummIIv  mot  ;,lwav>j  (Itrrt,.  a  run: 
It  IS  too  soon  to  sav  if  tii ••  rm>-  i-,  pnni  iiimt.  Il.-o- 
sif,Mnoi(i..stonn-  without  a  safrtv-vahv  din's  more 
harm  than  i,'oo,i.  Sir  Ari)uthn..t  l.aiir  rcmox.s  the 
rolon. 

The  ino\-,iiiriit-,  of  th"  ini. 'stint's  an-  to  -oni.-  cxicnt 
"Xfitya  1).-  a  hornion.'  pnxhued  alter  m.als  in  th.; 
K'astric  uiaco.i,  rxtra-Ms  (,t  whi.l>.  (hirm-  di^'.'sti(;n 
but  lu't  dnrin-  starvation,  will  rxntr"  peristalsis 
when  L'.isvn  \>v  nitrawnous  injection.  This  hormone 
Is  al-o  store.i  11,  il„.  ^pl,.,.ii.  IJnd.T  the  name  of 
'  hormonal  '  it  ha-.  Ixen  introduced  into  mechciiie. 
and  I-  oi  value  l,:.ih  for  cases  of  intestinal  paralysis 
after  operation,  an.l  aho  for  chronic  c(mstipation. 
A  sin,^],'  iiiiection  i-  s;!id  to  ,ure  an  old-standin- 
(■onsti|utio:i.  rnfortuna'.ely  it  is  not  alvvavs  activt,^ 
and  there  have  been  a  lew  fatalilic.  probablv  due' 
lo  extraneous  product,  m  tiie  splenic  extract. 

As  we  have  s.'en.  the  siiiall  intestines  are  in  a  state 
of  incessant  peristalsis.  If  f„r  any  reason  the  con- 
tents of  the  ileum  or  jejunum  are  unable  to  pass 
alouK,  dan!.ei,)us  toxuis  ra])idlv  accumulate.  If  a 
six-inc!,  len^.th  of  a  do,i,''s  sniall  intestin<'  is  isolated 
and  <  losed  at  each  end,  but  the  (  ontinuitv  of  the 
bowel  1.  restored  by  ,  „d  to-end  union,  in  "spite  of 
the  fact  th.'t  there-  is  no  obstriK  tion  a  fatal  toxieima 
develops.     Within  f-rty-eight  hours  the  contents  of 
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thr  closed  loop  arc  hif^hly  poiM,n..us  to  a  iinmial 
<1<'U.  cau>in^  low  bl..(.d-prfssmv,  l„w  tcnipciature. 
(liarrhc^a,  and  V(.mitini:.  It  i^  stated  tliat  the  toxin' 
i->  a  protco>e  (Whipple,  etc.),  hut  it  doo  not  fzive 
ri-'  to  the  formation  of  any  antibodies  if  injected 
into  anoth.r  animal  in  repeated  increa.>in/,'  dose^. 
<»iic  MO  ihi.  condition  of  toxa-mia  only  too  often 
v.hen  the  ^niall  inte>!n;e  i>  blocked  by  peritonitis 
-■I-  mechanical  obstruction.  It  is  the  authentic 
'■'use  of  a  ^'o,,<l  many  deaths  after  wounds  or 
-pcratiou   .hat  are  wrongly  attributed  to  shock. 

SENSATION     IN.  THE    ALIMENTARY    CANA/.. 
In    his   rea-nt   (ioulstonian   Lecture,  Hurst   show, 
mat  the  sensory  fu- -tions  of  the  viscera  are  much 
Miore  hmited  tlian  U      .;■  of  the  skin.     The  stoinadi 
and  mtesime  do  not  possess  any  temperature  s.-nse 
-r  any  tactile  sense,  nor  is  cutting  painful,  but  pulling 
-n   the  serous  coat  gr    s  n>e   to  severe  j)ain.     Th.- 
K^'lnig  ot   heat   or  cold   after    sw;.'lowing   licjuuls  is 
appreciated    by    the    lower    end    of    the    .es  .;,hagus 
1  'inperature  and  tactile  .-,en.e  are  quite  well  developed 
HI  the  a^sophagus,  and  localization  is  very  accurate— 
■-<'ldom  more  than  an  inch  out. 

ll>drochloric  acid  may  be  poured  into  the  stomach 
either  through  a  .tomach-tube  or  a  gastro.iorny 
w..und,  without  producing  anv  .en.ation  at  all 
even  It  the  percentage  rises  to  0-5  or  even  2.  and  this 
'-  true  also  in  case,  of  gastric  ulcer.  Alcohol  doe. 
excite  a  burning  feeling.  Distention  of  the  stomach 
causes  a  sensation  of  lullne.s  ;  the  amount  ot  de- 
tention  necessary   depends   .  .,    the   tonic.tv   of   the 
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Ku^tric  iuumI.,.    (  j^i^.  wliatcvr  it- cin^r.  ;.,Iue 

to  olirkv,  irre-ii:  o.  ,trarti.,ns  of  tlu-  muscle,  the 
pvlonis  n-inainin;,' (luM.l.  Tlu  re  is  often  a  referred 
l';iin  or  tfiulenio-,  m  the  cut.ine'.us  area  also.  The 
I'aiii  of  peritonitis  is  probablv  quite  a  different  thing. 
Sensation  in  tfie  intestine  corn-ponds  cIos('ly  in  its 
l)liys!oI()gy  to  sensation  in  the  stoniacli.  Tlic  anal 
canal,  liowever,  can  detect  thermal  and  tactile  stimuli. 

(  urlMm  lias  recently  s]i,,wn,  in  a  patient  with  a 
gastric  tivtiil.i,  that  the  sensation  which  we  call 
hunger  is  due  to  wave,  of  penstal-is  in  the  empty 
stoma(  h,  (,f  which  he  was  able  to  obtain  a  graphic 
record. 

r.irbuii  and  hi>  f.  llow-wurkers  h,i\c  made  some 
investigation  as  to  the  exact  cause  of  ]Min  in  ga>tric 
and  duoden.il  ulc.  r.  In  dogs  with  a  duodenal  or 
l>ylori.-  ulcer  induced  by  injecting  >il\er  nitrate  into 
the  mucosa,  tlu-  peristalsis  of  the  stomach  (recorded 
by  {hv  balloon  method)  is  e.vc cssive,  but  iK.t  suffi- 
ciently so  to  acr,,unt  f  v  the  pain  unlr,>  tlie  nerves 
involv.d  in  the  ulcer  were  hyi)ere.\<-itable  (Dundon). 
CirlM.n  ])oints  out  th;it  the  hy]x-rchlorhydria,  and 
the  reli(  f  given  by  alkalii  s,  are  usually  taken  to  mean 
that  the  pain  is  due  to  acid  irritation  of  the  e.xposi^d 
nerves  in  the  ul(-er,  but  tlie  pain  is  discontinuous 
(•  borini; ')  in  character,  it  may  be  i)resent  when  the 
H("l  is  subnormal  and  may  be  absent  when  there  is 
an  ulcer  present  with  hvpera.idity,  and  .ilkalies  may 
relieve  pain  when  there  is  i,.)  ulcer  or  no  hyperaciditv. 
Tutting  in  acid  does  not  increase  the  jiain.  He  fmd^ 
that  the  jiains  synchroni/,e  with  the  contractions  of 
the  stoin.uh  as  rei,Mstered  by  the  balloon  method,  or 
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'v.itch-d  with   v  nw.      Tlu-o  rontr.u  turn-  nc-d  not 
1"    <x'..>i\v,   hut   fvid-ntlv  the  ntrvis  inv.-lwd  in 

tilf   ul(.i  T   .ire   llVJHTsiii^itiw. 

VARIATIONS  IN  THE  HYDROCHLORIC  ACID  OF 
THE  STOMACH. 
The  amount  of  acid  normally  present  as  free  HCl 
IS  given  differently  hy  different  physiologists,  some 
following  Topfer  and  relying  on  amido-a/o-henzol  as 
the  uKhcacor,  others  using  the  more  accurate  but 
somewhat  tedious  method  of  Willcox.* 

It  lias  Inrn  customary  to  take  the  normal  quantity 
of  iur  HCl  as  0-2  p.-r  rent,  hut    I'anlon  and  Tidy 
and  other  workers  show  that  o-i   is  more  accurate, 
att.r  a  standard  test-meal.     The  total  gastric  acidity 
IS  about  50  c.c.   of  decinormal   a.id,   u-ing  too  c..-. 
"f    t!ir   gistric    juice  to    m.ikr    tli<-   te^t.     The  same 
M'lantitv    of    juice    contains    .ncnij.ih     free     HCl    to 
n.utrali/i-  about   .;o  r.r.  .  f  drcinnrnial  alkali.     The 
':ciicatnr    f.,r  the  total   aciditv  test  is  phmolphtha- 
'"II,  and  for  the  free  HCl  eitluT  Topfer's  reagent,  or 
]'hloro|.'lucin   and   vanillin,    which   i>  nmr.'  accural.'. 
The  lofid  acidity  of  course  includes  lactic  acid  and 
any  other  fermentation  acids,  also  acid  phosphates, 
and  is  of  no  great  importance. 

An  interesting  ^elf-regulating  mechuui^m  of  the 
aciditv  of  the  .-astric  juice  ]ui<  re.vntlv  be,-n 
descrilH'd.  As  secreted,  :n  animal  and  man  the 
hydrochloric  acid  is  as  niu,  !i  as  o-^  per  .ent,  hut 
It  lb  neutralised,   parth.-  by  food  and  paitiv    by  th« 
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Pj^'iir.i^ifat.nii  of  j);in,r.-.it;.  ;in(i  int.  Mmiil  juice?, 
<l<)\vn  to  (> -J  or  oi  pn-  .cnt,  wliich  i^  tlic  optii.iuni, 
and  in  lic.ilili  it  is  luaint.uncd  at  l1i;s  standard,  fri 
hyj)' ivhlorlivdna  thi-  rci'iilation  brrak^  down,  and 
liif  acidity  approxiinato  to  0-5   jx-r  crnt. 

P.V  whiciiever  in.thofl  the  ctiniation  is  made,  it 
\V(juld  appear  that  diet  e.\-ercisc5  little  or  no  effect 
on  the  p  r.:ent ago  of  active  hydrochloric  acid, 
although  It  so  markedly  affects  the  pep>:n.  Never- 
theless, the  j.ercentage  of  acid  is  liable  to  change, 
and  the  changes  arc  of  great  v.ilue  for  both  diagnosis 
and  treatment. 

Increa>ed   relative  .uuouiu   01    HCl   is  particularly 
common  in  gastric  ulcer,  so  umch  so  that  an  analy.-,is 
of   a   test  nu  il    i-,    of    diagnostic   importance.     It   is 
also  seen  in  duodenal  ulcr,  and,  as  li.is  recently  been 
pointed  out,  in  many  other  affections  of  the  alimentary 
canal,  such  a-,  aj)pendicitis.     It  is  probable  that  the 
cases  which   have  been   diagnosed  as  simple   liyper- 
chlorhydria  have  UMially  some  latent  disease,  if  not 
in  tile  >iomach  or  duodenum,  then  in  the  i;all-l)ladder. 
ki.lney,  or  appeiidi.x,  and  removal  of  liie  oifending 
organ    will    cure    the    hyperchlorhydria.      The    sym- 
ptom characteristic  of     ii,  h  .,  condition  is  '  hunger- 
I'am  ',  that  is,  u  feeling  of  gnawing  of  the  stomach, 
which  may  be  only  a  discomfort  or  may  amount  to 
[)ositive  pain;    it  occurs  two  or  three  hours  after  a 
meal,  and  is  relieved  by  food  or  alkalies.     It  is  proba- 
l)ly  due  to  the  spasmodic  contraction  of  the  pyl(jru.. 
set  up  by  the  long  persistence  of  th.-  acidity  on  tlu' 
<luodenal   side.     Another   view  is   that   it   is   caused 
by  incipient  self-digestion  of  the  stomach.     This  is 
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non,i:J|y  pianied  agaiiiM    I.v   an    antiiM-psin   ,n   ih,- 
luucous    membrane    revcrsin-    the    act"iv;tv    ..f    thf 
^M>tnc    juice,    but    the    cntmual    j>res-i,ce    of     ui 
abnormally  powerful  a)mbinati..n  <.t  muI  an<l  i),-j,.,n 
breaks  down    ihe   re^i.tance.   ju>t    as    i^    seen    m    an 
•■x.i^'.'erateil  dei^ree  when  a  hralthv  man  .lies  su.Menlv 
'lunn-  the  process  <,f  .liKe.lmn  ;    the  supply  of  anti- 
I'epMu   fails  with  the  rirculatu.n,   and  a   hi-   hole  i. 
•h^M.lved    through   the   stoma-h    wall    {,ost    m..rtem 
It    1-    Inghly    probable    that    hyperchlorhvdria    is    a 
<-.-ui>e    as   well    as  a   cnnsr<|ucnce   of    -a>tric    ulrer  ■ 
a-rtamiy    it    determines    the    peculiar    pun.hrd-.;ut 
character   which    the    typical    round    ulcer   assumes 
It  IS  significant   tliat   more  tiian   one  such  k-sion   is 
-H  rasionally   present,  as  thr,ugh  the  excessivelv  acid 
juice   resulting   from    the    irritation    of   some  'initial 
abrasion  not  only  had  deepened  that  legion  into  an 
ulcer  but   had  determined  th.     fonnat.on  of  others 
also.     It  is  again  significant  that  the  i\  pical  punched- 
out  ulcer  occurs  just  where  the  acid  has  access    and 
nowhere  else-at  the  lower  orifice  of  the  cesoj.hagus 
in   tlie  stomach,  and  in  the  first   two  inch.'s  of  "the 
duodenum,    while    in    the    jejunum    ,t    i.    unknown 
'^Acept  at  the  site  of  a  previous  gastrojejunostomy 
oixnuig.   and    not   even   then    unless   this   operation 
lias  failed  to  cure  the  hyperchlorhydria.  which  usually 
means  that  the  orifice  was  too  Mnall  or  badlv  placed 
Another  evil  consequence  of  excessive  HC1  is  spasm 
of  the  i)ylorus,  wliich  may  lead  to  dilatation  of  the 
stomach.    A  curious  and  suggestive  symptom  is  pyrosis 
a  iXTiodical  copious  secretion  of  saliva,  probably  de- 
sitmed  to  nfut»--.ii7f.  ♦K^  ---;  i^.^,       >  ..  -^ 
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In  iii!.uit>.  \\  illfo.x  .iii'l  K.  Milk-r  ii.ivc  -t.ift.l  that 
thfii-  air  two  t\'iic->  ot  (ly-pf[>-~ia  cau-in;^  p-'iin, 
wa-^tin^',  \'iiniitin.L;,  .mil  i Dti-lipatiDn.  {)nv  i>  <(iii- 
c^'ciiital  -tiii()>is  Ml  llic  |i\l(iru>  in  vvlii(  li  the  IK'l  is 
MibiiiiMual  but  ihr  i cp-in  (whit  h  iiiav  l)i'  (  onvrnicntly 
tc^tc'l  bv  tlif  ruiilHii^'  ■  lli'ct  on  inilk)  i-  cMf^^ivt!, 
and  inurin  ii  al-o  in  cxct'^.  'I'lic  otlicr  i-.  '  acid 
(ly-ju>j)--ia ',  in  whith  the  Il(l  is  exrcssive  and  tlie 
ferments  an-  ^iibnitiii;  d.  In  tin-  ca-e  |)cri--taltic 
wave-,  in  IV  be  >een,  but  tlu;  pvloric  tumour  is  not 
felt.  The  pio^'uo-is  i-,  very  mucii  Ix-tter  than  in 
congenital  stenfj-i>,  and  ojieration  is  not  needed  as 
it  >o  often  is  in  the  more  serious  condition. 

Mnough  has  been  said  to  show  tiiat  hvperchlor- 
hydria  and  its  ads-ertisenicnt,  '  Imnger-pain  ',  are 
more  than  an  inconvenience  lo  the  patient  ;  they 
are  in  many  cases  the  conseciuence  and  in  other  cases 
the  precursor  of  serious  or^'anic  mi>chief  which  may 
lead  to  dilated  stoniacli,  to  chronic  gastric  ulcer — 
wliich  in  it-,  turn  is  apt  to  become  malignant-- 
or  to  an  abdominal  cata-^tropiie  from  perforation  of 
the  stomach  or  duodeimm. 

When  the  iiyju'rchlorliydria  is  not  associ.ited  with, 
or  precctles.  ulceration  ot  the  stomach  or  duodenum, 
the  appendi.x  or  gall-bhulder  is  probably  at  fault. 
The  appendi.x,  for  instance,  may  siiow  adhesions  or 
stenosis. 

Sherren  found  the  ap{)endi.x  normal  in  only  4  out 
of  03  c.ises  of  duodenal  ulcer,  and  5  out  ot  41  cases 
of  gastric  ulcer.  .Moynihan,  Paterson,  the  Mayos,  and 
i>thers  have  shown  tl.it  the  majoritv  of  th-"  gastric 
and  duodi!nal  ulcer>    r.et  witli  on  the  ojX'ration  table 
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.LP-   ,;<,r,ri,itecl   with   app.pdicitis.      Fh-  ..cqtio.v>>   ,. 
tir^t  upprndintis,  thm  !n-p.Trl,lorhvdria.  and  tlnrdlv 
ulcrratinii. 

riironir  dv.-,prpMa  i.  oftm  th,-  onlv  romplaint   in 
P-r^on.    wlu,    hav,.    ,„,    hvp-rrhl„rl.vdna.    .Iiow    no 
1"<  a!  >vn.ptam^  <.f  tro;,hl..  ,n  the  .ipp<.ndix    hut  an- 
'■tir>d  hv  nuM.v.il  of  that  ori,Mn.     Th..  m.tjontv  of 
P.it.rnt.   d.a:^n<,..-d   as   :;a.tn.:   ul.  .r  in   the   n.rdical 
w.irds  of  a  ho.pual.  and  n.-ovrnn,:.'  wthont  (.perat.on 
"1  ••^'1  prolKihiiiiv  have  no  uh-.-r  at  all.  hut  onlv  rclL-x 
i:.i^tr>r  symptoms  follouui^  on  i^all-stoncs.  movahle 
k.dn.v,  or  appendicitis.     I„  _>o  p.r  cent  of  patients 
with  ^^■mptoms  of  ^astri,-  ulcer  operated  on  at   the 
hn.tol   Koyal  Inhrniary.  no  ulcer  was  found.     Why 
d.^rase  of  llK-  appendi.x.  or  ^-all-bladder,  shouhl  cause 
these    symptoms    it    is    dithcult    to    decide       It    can 
>rarc,.ly  be  due  to  toxic  absorption,  as  the  appendix 
"lav  be  ,,u.te  hbrot.c.     Perhaps  the  simplest  explana- 
t>on  IS  that  the  ileoaecal  sphincter  remains  ti^d.tlv 
c  o~ed  and  produces  back-pres>ure.     In  other  case; 
t  u  re  iua>-  be  irregular  gastnc  peristalsis  and  hvper". 
hl-.rliydna  as  a  nervou>  reflex.     In  chronic   intes- 
•nal  stasis  the  hydrochh.ric  acid  in  the  gastric   juice 
>nsuanyd..hc.ent.     There  may  he  all  the  svmpLs 
'.astn.    ulcer,  but  the  pam  usually  comes  on  soon 
;^^-   ^'-'1.  '.r  ix-r.sists  all  the  time.     Reflex  closure 
-f   tlie   p3lonis   and   delayed   or   irregular  emptying- 
•W-:.  to  be  the  ^..e  of  the  symptoms  in  th^^;;: 
-^•'^-.      Ihis  probably  accounts  for  the  dyspeptic 
P-ns   endured    by   so    many   persons    with   a  r  .n 
appendicitis    whose    gastric     icidifv    i      n  1 

suhnormah  '  "''■■'"^'    '"' 
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I'lic  tn.itiiirnt  of  liv[ii  !(  lilorhvdria  is  ii^  follow-. 
M'  «li<.il  iiiciui-  will  olti  11  Liivi-  a  lar^c  mca<urf  of  ic- 
in'f.  'I'akiiiL:  food,  and  fSi-cci.dly  a  liard-hoilcd  {■<^[;. 
wlicii  l!i.'  i-aiii  comes  on.  will  p'licrallx-  ahatr  the  -yiu 
;'toia>.  Alkalirs  aic  induitrd.  f-pc<i;.ily  mat^nfsj.i, 
wIikIi  1i;.>  two  advanta^'cs  :  it  dof^  not  dissolve 
and  I'.xtTt  all  its  cficct  in  a  few  minute-,  and  ii  do.- 
not  j^'ivc  off  rirbon  dio,\id(>  as  tin-  <  irbonates  do. 
Tlic  bismuth  1o/.(ii,l;l-  of  the  15.1'.  a:(;  convenient 
ti>  carry  and  very  stucc-sful  in  stopping,'  the  dis- 
conifori.  We  Will  b.irely  mention  sue  h  u>eful 
me.isures  as  rest  in  bed,  milk  diet,  ,-md  lavage.  On 
theijictiial  j^Mound-,  P.iwI.av  n-commend-  fa's  and 
oil-  to  check  the  llow  of  the  i^a-tric  juice.  The-e 
me.i-uiis  are  of  course  not  ajtplir.iblr  in  the  presence 
of  an  ai  ute  ulcer  causing  haniorrliage. 

If  these  nie.ms  are  not  successful,  it  is  very 
desirable  to  perform  laj)arotom\'  anil  to  e.xplore  the 
stomach,  duodenum,  ajtjniidix,  k;i|iirv,  and  gall- 
bladder. If  gastric  or  tluodenal  ulcer  is  present, 
gastrojejunostomy  is  of  course  indicated.  If  the 
uher  is  near  the  <-.irdia,  it  i-  ])iobibl\-  better  to 
excise  it.  If  no  abnormality  can  be  disc()\-erod  in 
titiier  stomach  or  duodenum  without  o}!ening  into 
them  (which  is  seldom  if  ever  called  for],  it  may 
be  that  some  adiiesions  or  kinking  of  the  ajipendi.N; 
may  be  found,  and  removal  of  the  organ  will  effect 
a  cure  in  m;my  of  the  cases,  but  not  all.  It  is 
shown  b\-  I'aierson,  the  Mayo-,  Slierren .  and  others 
th.ii  about  73  j>er  cent  of  the  many  hundreds 
of  cases  of  il\sj>epsia  without  ulceration  treated  by 
remo\al  of  the  ,i]>]>endi\  .\re  cun  ■].     Solt.m  I'enwick 


STOMACH     AM.     I.NTKSTI.VKS  ,,(, 

^t..t..  th,:t   ,.f   M...^...  .,f  l.v,>,.nhl„rhv.iri.,.  ,„    ;, 

"    "V"''  •""'•'•""''-",..  uvn.  normal:    ,„    •  >  . 
tl"-th...,.pnHl,v  was  ..t  fault,     n.l  ,„  i.  ,-,,II->tu„..> 

'■I   Iti-  -■  w.  y,-  rn.ili;,-ii.uil.  "■ 

It  :•>  .1  r.-nurkahl,.  t,,a  that  s,-vor.-  .i„,|  r«H.,„..<i 

l«-.n„rrl,.,,v  tr,„n  ,1„.  s„„nach  ,n:>v  ...k.  plac.  in     ^ 

■.|«Tato,l  „„  f„r  h.„n,Uemesis  a,  ,|,,  Hr,.,„l  K^val 
n hrman  .  ,„  „„„■  ,.„  ,,,,  „„  „,^„  «°>^_' 

.     ...n  ,.l  u„nvr«l  .,,,,,,,,,,,  |,|„.,,,,  ,,,,„,      ,^^,^_. 

-t.«M>  .     occurs     ,n     ,|,,.e    cases,     a,i,l     wUh     ,h,. 

OD^v  |,|.i,„|  whcrevtT  it  is  touclicd. 

THE    PHYSIOLOGY    Or   GASTROJ,:jUNOSTOMY 
"itat  tffect  1.S  produced  u|,„n  tl,c  fur,cti„ns  of  ,l,e 

,hr      •    ,      .,       ■         "■'•'    '°    "*•      <"    I'«^   11"=    food    pass 

hougi,    ,,e  new  „,,c.„i„«  „r  by  tl.o  ,,vlorus  >  '  ^^ 

i'it>,  .ind  carbohvdratt'S  ? 

Some  i.^ht  has' been  thrown  upon  the  hrst  of  these 
u^nons  by  watching  wath  the  .  rays 'the  cour:^ 
taken  b>   a  meal  contaaning  bismuth  oxide,  and  it 
would  appear,   as  might   have  been  exp.ect  d    tha 
Mh   routes  are  foUowed.   unle.s  eUher  \he  p -.on 

roued.      On    this    subiect    the    writinrrc    ,.f    r  .^„  t 
all'i  Gray  may  b.- consulted.  ""^ """■" 
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Tlif  former  iwil  r.it-  v.iili  ,i  nonii.il  .>tMtjKich  on 
wliiili  tlu;  optr.itKtn  li.iil  Ixiii  pcrtornn'ii,  and  natur- 
ally the  tfmlcncy  w.i-.  f  -i  tli-  iii<-,il  to  like  thi-  pyloric 
route. 

Hiirtel*  has  in,i>lf  a  stilly  by  this  means  of  22 
patients  operated  on  !ii')ntli^  nr  \far->  Ix-forf  About 
half  of  them.  incliidiiiL,'  tliov  m  whn  h  p\lonc  stenosis 
was  fctund  at  the  o[M'ration  to  be  severe,  emjiti'  d  ()nl>' 
by  the  new  opcmiiL,'  ;  in  the  others  the  food  took 
both  direction^,  l.i  on^^  ca--e  it  ajipe.ired  to  j^a-^  out 
only  bv  tlie  pyloru-. 

Tlu-  effect  upon  the  t^M-tric  juice  is  ml  it  it  has 
previously  been  normal  :  if  livper'hlorhvdri a  was 
prest^nt,  an  efficient  f^astroj-juno^toinv  api")ears 
invariably  to  re-tore  the  amount  of  acid  to  normal. 
SterKj.iis  of  the  opt-nin;^  may  be  followed  by  a  return 
to  the  greater  acidity.  If  the  HCl  is  ab.sent,  however, 
the  op'  r.ition  will  seldom,  if  t'v«'r.  cause  it  to  apjH-ar. 

That  th-  re  cannot  be  any  serious  loss  of  {xjwer  to 
digest  anil  absorb  foodstuffs  is  shown  b\-  the  remark- 
able w.iy  in  which  the  great  majority  <d  cases  o{)erated 
on  become  tat  and  flourishing  alter  gastrojejunostomy 
for  uon-m.dignant  affections,  the  improved  condition 
being  maint. lined  for  many  years.  There  is  at  least 
i.ne  I'atieiit  who  at  the  age  of  se\tui  was  described 
by  his  father  as  strong  and  healthy,  with  good  appe- 
tite and  e.\ceedingly  good  digestion,  after  a  gastro- 
jejunostomy at  the  age  of  eight  weeks  for  pyloric 
stenosis.  Riterson  has  proved  that  the  amount  of 
fat  and  protein  passed  in  the  faces  without  assimila- 


•  Dtut.  Zetl.   ChirufZ-,   Kill. 
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ti-n  I.  very  l.ttl,"  f^rraicr  than  in  the  normal  inchvi.hial 
1"  t"ur  cases  ,t  was  only  about  2  |>.-r  cent  above 
""""^^1;  that  IS,  the  f.eces  contained  about  g  to 
0-5  I'or  cent  of  protein  i,itrog,.n  taken  as  food 
■nstr.ul  of  the  normal  7-7  j,cr  cent.  Much  less 
favourable  r.  suits  prcvi.,uslv  published  bv  Juslin 
were  dur  to  the  tact  that  he  used  cancerous,  ases  on 
whuhtorxpenment.  I'aterson's  results  are  conhrme.l 
l>v  (  ameron,*  who  (mds  that  the  onlv  ill-effect  is  some 
''li.^'iit  diminution  in  the  p.,wcr  of  absorbing  fat. 

ABSORPTION      IN     THH     COLON. 

^^■l■    may  sum  up  the  ordinarv   iimctions   of   the 
various  pails  of  the  bowel  with  regard  to  absorption 

L)rugs,    salts,    and    sugars    are    absorfjed    in    the 
stomach. 

I'roteins  (as  aminoacids),  carbohvdrates  (as  sugar) 
-in.J  lats  (as  soap  and  glycenn)  are  absorbed  in  the 
sm.ili  intestine. 

Water  is  absorbed  in  the  large  intestine. 

The   practical  physician  or  ^surgeon   is  concerned 
with    the    physiologist's   answer    to    two    questions 
Wr=t.  Is  the  colon  a  necessary  organ,  or  may  it  be 
c-hmmated    with    safety?     Second.    Can    the    large 
intestine  absorb  useful  foodstuffs  in  case  (.f  need  > 

With  regard  to  the  first  point,  we  are  at  once  con- 
fronted with  the  fact  that  in  some  bats  the  colon  is 
exceedingly  short.  Again,  it  ,s  well  known  that 
patients  with  an  artificial  anus  in  the  cecum  are  able 
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to  kfcj.  up  their  nutritiun.     The  same  is  true  after 
the   ileum  has  been  cut  across  and  turned  into  the 
sigmoid.     Careful    analyses    made    bv    Gro\es    and 
Walker  Hall  under  these  conditions  show  that  the 
norma!  amount  of  water  can  still  I)e  absorbed  by  the 
short  j)iece  of  rectum  and  sigmoid  traversed  by  the 
lood  ;   the  f;eces  are  not  too  flui..!.     By  comparini;  the 
amount  of  water  in   the  intestinal  ccMitents  at  the 
ileoc;ecal   valve    and    as   j^assed    naturally   in    man 
they  conclude    that   llu;   colon   absorbs  about  lo  to 
20    i)er   cent    of    wat.r    from    the    f;eces.      Bacteria 
make    up   m^arly   half   the   weight   of   the   f^-ces   as 
passed   n(jrmali>-.     Treve..   Lane,    and    -.thers   have 
excised  almost  the  whole  colon  without  the  patient's 
nutrition  suffering. 

We  conclude  then  that  the  colon  is  not  a  necessary 
organ.  If.  however,  a  perman^-nt  artihcial  anus  is 
made  in  the  ileum  more  than  12  to  18  inches  awav 
from  the  ileoc:ecal  valve,  absorption  is  inadequate, 
and  the  j)atient  dies  of  starvation. 

Turning  to  the  second  question,  it  is  scarcelv 
necessary  to  call  attention  to  its  very  gre-^^t 
imj)ortance.  If  the  colon  cannot  absorb  a  reasonable 
quantity  of  foodstuffs,  the  whole  theorv  of  feediuL- 
by  nutrient  enemata  would  collapse. 

Ill  the  experiments  descrilH.l  above.  Groves  and 
Ualker  Hall  found  that  the  absorption  of  nitro^^^eu 
and  at  by  the  colon  was  so  small  as  to  be  negligible 
Laidlaw  and  Kyffcl,  analyzing  the  urme  during  rectal 
feechng.  found  that  the  nitrogen  output  corresponded 
pretty  closely  to  the  published  figures  for  pro- 
fessional fasting  men  at  the  same  date  of  starvation  • 
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the  enemata  used  were,  however,  not  particularly 
suitable,  consisting  of  the  whites  of  nine  egc^s.  six 
ounces  of  raw  starch,  and  twenty-four  oun^ces  of 
{>eptonized  milk.  The  albumin  and  starch  were 
probably  not  touched.  Langdon  Brown  found  no 
thfference  in  the  urea  of  the  urine,  whether  the 
patient,  were  given  peptonized  milk  or  normal  saline. 
Careful  analysis  of  the  ligures  given  by  Boyd  and 
Kob(rt>on,  and  also  a  number  of  observations  made 
by  the  present  writer,  furnish  convincing  evidence 
that,  as  measured  by  the  standard  of  the  nitrogen 
output  in  the  urine,  the  absorption  of  nitrogenous 
foodstuffs  from  the  rectum  is  practically  nil. 

Sharkey  and  others  claim  that  a  good  deal  of 
nitrogen  can  be  absorbed  by  the  rectum,  basing  their 
tmdings  on  the  analysis  of  rectal  washings  ;  but  this 
method  is  open  to  criticism,  as  sometimes,  in  spite  of 
washing  out,  the  patient  may  pass  an  enonnous 
putrid  evacuation,  showing  that  lavage  was  not 
effectual. 

Now  this  failure  to  absorb  might  be  due  to  one 
of  two  causes.  First,  it  may  be  that  the  large 
intestine  has  no  power  of  absorbing  nitrogenous 
foodstuffs  in  any  form.  Second,  it  may  be  that  no 
orepsin  is  present  in  its  secretion,  so  that  then-  are 
no  ammoacids  formed  from  the  peptone  of  the 
enema.  The  crucial  experiment  is.  Can  aminoacids 
be  absorbed  ? 

To  iktermino  this  the  writer,  with  Dr.  Bywaters. 
has  made  by  the  Kjeldahl  method  daily  analyses  of 
iiitrogen  in  the  urine  in  pali.nts  to  whom  enemata 
were  given,  either  of  milk  pancreatized  for  twentv- 
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four  hours  so  as  to  convert  most  of  the  protein  into 
arn.noaculs,  or.  in  otlier  cas(.s.  of  synthetic  amino- 
ucids  (Merck).  Usually  oniinary  ward  nutrients 
p<  lionized  for  twntv  nnnutes.  were  ^iven  for  a' 
few  days  first,  and  then  tin-  aniinoacid  preparation^ 
u-^ed  instead.  In  each  of  hv,;  patients  the  nitrogen 
output  in  the  urine  was  greatly  increased  by  the 
use  of  aminoarids  in  the  nutrients.  Figures  of  two 
such  cas<-s  are  given  in  the  Appendi.x 

We  conclude,  therefore,  that    aniinoac  ids  ,an   be 

absorbe.l.  and  that  we  may  hope  to  give  nourishment 

o  patients  by  rectal  injections  of  milk  pancreatixed 

tor  twenty-four  hours,  although  orchnary  peptonized 

milk  IS  a  failure. 

It  IS  quite  certain  that  dextrose  can  be  absorbed 
from  the  rectum,  because  it  will  cure  acidosis  when 
given  m  this  way.  and  also  it  will  raise  the  respiratory 
•  luotient  by  mcreasing  the  amount  of  CO  expired 
Boyd  and  Robertson  showed  that  practically  no 
sugar  can  be  recovered  from  th,-  rectal  washings  „f 
a  j)atunt  given  peptone  and  sugar  enemata.  although 
IH-ptone  IS  always  returned.  Lactose  appears  not 
to  be  absorbed  ;   it  fails  to  control  acido.i^ 

It  IS  very  ditficrlt  to  obtain  evidence  as  to  whether 
fats  are  absorbed.  In  a  patient  who  had  a  fistula 
o  he  thoracic  duct,  only  from  37  to  5-5  Iht  mn 
fistull         ''^''''''  '' '  '"''""'  ''^'  recovered  from  the 

In  another  patient  the  thoracic  duct  was  blocked 
and  a  lymphatic  vessel  ha<l  rupturc-d  into  the  urinary 
passages,  so  that  most  of  the  fat  absorbed  by  the 
lacteals  escai>ed  into  the  urine,  which  became  milky 
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after  a  fatty  meal  (chyluria).  There  was  no  chvluria 
wiun  all  fats  were  stopjxnl  by  mouth  and  nutrient 
enemata  containing  milk  adnunistered. 

It  must  not  be  supposed  that  rectal  feeding 
supj)lies  absolute  rest  to  the  stomach.  It  may  bi- 
ohs«^rved  in  patients  with  a  gastrostomy  wound  that 
earli  nutrient  enema  excites  a  reflex  flow  of  gastric 
juice. 

Those  who  ])elieve  in  the  possibility  of  feeding 
patients  satisfactorily  by  nutrient  enemata  usually 
rely  upon  some  incorrect  published  analyses  l)y 
luvald.  an  observation  by  Leube  that  a  dog  can  be 
kept  alive  for  many  months  by  injections  of  chopped 
meat  and  pancreas  (this  method  causes  toxic  sym- 
ptoms in  man),  and  the  remarkable  fact  that  the 
weight  may  be  fairly  well  sustained  at  first.  This 
liappens  even  if  nothing  but  water  is  gnven,  and  is 
due  to  the  fact  that  the  patients,  usually  sufferers 
iroiii  luematemesis,  are  exsanguinated  to  start  with 
and  greedily  absorb  water.  Patients  have  been 
kejjt  alive  on  nutrients  for  several  weeks,  but  it 
is  well  known  that  there  are  sometimes  sudden  and 
unaccountable  deaths.  It  must  not  be  forgotten 
that  if  water  is  supplied  life  will  usually  be  prolonged 
for  a  month  with  no  food  at  all,  and  in  one  instance 
a  man  was  alive  after  sixty-four  days  of  complete 
star\ation.  If  water  also  is  withheld,  death  takes 
place  in  about  a  week  ;  but  a  girl  buried  in  an  Italian 
earthquake  liv-d  eleven  days  without  either  food 
or  drink. 

We  conclude,  therefore,  that  feeding  with  nutrients 
composed   of   peptonizt-d   milk    is   sheer   starvation 
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but  tl.at  iH-tt.T  rr.uhs  may  be  obtain.-.l  with 
<'n.-inutu  conip„v  ,1  of  dextrose  and  lon^-pancreatized 
milk. 
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CHAPTER     V[. 

THE     GENITAL     GLANDS. 

MNtriiN-,    oi-    TiiK    ovAKv- - !  I  NcTioNs   or    Tiir.    ri;siis— 

(ONTKOL      i)V      Tin;        (iKNIlAI.       OLAM;^        I;v      INiKKNAI, 

SKlRKriUNS THK     SKCKF.I  loX       OF    MII.K      -THi;      0\  IM 

CHEMIrAI.    ni\(,NOSIS    OF    rKi:(, NANCY. 

STUPEXTS  of  physiology  do  not  usually  devote 
as  much  attention  to  the  functions  of  the 
reproductive  apparatus  as  the  clinical  importance  of 
the  subject  demands,  and  writers  of  text-books  have 
been  in  the  habit  of  relegating  it  to  a  very  brief 
chapter  at  the  end  of  the  book. 

FUNCTIONS     OF     THE     OVARY. 

The  functions  of  the  ovary  may  be  classed  under 
three  headings  :  the  production  of  ova,  the  control 
of  menstruation,  and  the  internal  secretion.  The 
corpus  luteum  has  other  functions,  to  \,c  considered 
separately. 

The  ovary  shows  on  microscopical  e.xami nation 
ripe  and  unripe  ova,  the  former  enclosed  in  the 
(iraatian  follicles,  corpora  lutea  of  varying  age,  and 
certain  glandular  interstitial  tells  which  probably 
furnish  the  internal  secretions,  and  are  supposed  to 
l)e  the  starting-point  of  multilocular  cystic  disease:  of 
the  ovary.     We  shall  consider  menstruation  first. 

Menstruation.—We  shall  not  discuss  the  histology 
o«  this  proces-.  except  to  say  tiiat  the  mucous  mem- 
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brane  of  the  uterus  becomes  greatly  thickened  and 
onKorged  every  month,  and  h;emorrhagcs  take  place 
into  it  which  carry  away  parts  of  the  superlicial 
layers.  \\V  are  as  far  as  ever  fn)m  understanding 
the  real  value  of  its  occurrence.  According  to  Blair 
Bell,  a  large  quantity  of  calcium  salts  accumulat* 
m  the  blood,  which  menstruation  removes,  menstrual 
blood  being  very  rich  in  calcium. 

riiere  is  no  doubt  that  menstruation  is  determined 
by  an  internal  secretion  from  the  ovaries,  and  when 
these  are  Ixjth  removed  it  almost  invariably  ceases. 
Marshall  and  Heape  have  shown  that  the  i)rocess 
IS  by  no  means  peculiar  to  the  human  subject.  In 
a  great  variety  of  animals,  such  as  deer.  dogs,  sheep, 
and  monkeys,  there  is  a  regular  cycle  of  changes 
leading  uj)  to  the  (cstnim  or  rut,  and  after  great 
overgrowth  of  the  mucous  membrane  of  the  uterus 
there  is  a  mucous  and  often  bloodstained  discharge, 
followed  by  a  brief  pcriijd  of  fertility. 

Ovulation.  -The  .upture  of  the  Craalian  follicle 
;uid  sh.Mlding  out  of  the  ovum  is  called  ovulation. 
It  has  been  much  debated  whether  the  time  of 
ovulation  coincides  with  that  of  menstruation  in  the 
human  subject.  In  the  animals  above  described  no 
doubt  this  is  true,  and  in  the  liuman  subject  the 
age-limits  of  f.Ttility  and  of  menstruation  are 
approximately  the  same.  Nevertheless  the  relation- 
siiij)  cannot  be  exact,  because  pregnancy  has 
occurred  before  the  first  menstruation,  and  observa- 
tions on  the  ovaries  during  abdominal  operations 
at   various  times    in   the  menstrn;i!  rvcle  show  that 
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although  ovulation  commonly  takes  place  at  about 
tlu;  same  time  as  menstruation,  this  is  by  no  means 
invariable.  If  it  were  so,  the  Jewish  race  would 
probably  have  become  extinct,  because,  in  obedience 
to  the  Levitical  law,  amongst  strict  Jews  husband 
and  wife  live  apart  durint^  and  for  some  days  after 
menstruation. 

There  is  some  evidence  that  ni  primitive  man 
there  was  only  one  annual  period  of  special  fertility. 
There  is  a  Javan  tribe  amongst  which  all  the  births 
arc  said  to  take  place  in  February.  Many  animals 
that  in  the  wild  state  only  go  into  oestrum  once  or 
twice  a  year  become  fertile  all  the  time  in  captivity. 
After  bilateral  removal  of  the  ovaries  the  patient 
is  of  course  sterile  and  menstruation  ceases,  but  in 
a  few  ran;  c.ises,  apparently  owing  to  abnormal 
outlying  fragments  of  ovary  remaining  behind, 
pregnancy  has  occurred  and  menstruation  continued. 
By  some  mysterious  chemical  attraction,  the  shed 
ovum  hnds  its  way  into  the  Fallopian  tube.  If  one 
tube  is  blocked,  the  other  may  receive  the  ovum, 
because  cases  are  not  very  infrequent  of  a  tubal 
pregnancy  on  one  side  with  the  corpus  luteum  in  the 
opposite  ovary. 

There  apjx'ars  to  be  in  some  families  a  hereditary 
tendency  at  each  ovulation  to  rupture  several 
tiraatian  follicles  and  shed  out  more  than  one  ovum 
at  a  time.  A  case  was  recently  reported  of  a  woman, 
'I.-.'"  35.  who  had  two  sets  of  quadruplets,  three  sets 
of  triplets,  and  live  sets  of  twins.  Her  mother  had 
twenty-eight  children,  and  her  grandmother  twenty- 
nine,  inciuuiii^^  qu  idruplets  and  triplets.     In  another 
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case  a  woman  had  four  tvvin  pn-naiK  iV.,  hrr  mother 
and  aunt  one  each,  and  hrr  -randmoth  r  two. 

Internal  Secretions  of  the  Ovary. -One  int.rnal 
•H-cretion  controls  menstruation.  Another,  or  the 
same,  apjx'ars  to  act  upcjn  tiie  vasomotor  system  ; 
when  it  is  witiidrawn  by  artificial  removal 'of  the 
ovaries  or  by  the  cessation  of  their  function  at  the 
menopause,  the  j)atient  often  suffers  from  lIudnnKs, 
headaches,  and  other  neuroses. 

Under  these  same  circumstances  the  breasts, 
uterus,  and  vagina  atrophy,  and  ob.-sity  mav  develop! 
riie  mtluencc  over  breast  tissue  extends  even  to 
cancerous  tumours  growing  in  it  ;  double  oophor- 
ectomy m  a  considerable  number  of  cases  of  inoperable 
cancer  has  caused  retrogression  of  the  growth,  and 
once  or  twice,  apparently,  a  cure  has  resulted.'  On 
the  other  hand,  pregnancy  shortly  after  removal  of 
cancerous  breast  usually  leads  to  recurrence,  and 
durmg  pregnancy  a  cancer  of  the  breast  grows  with 
frightful  rapidity. 

We  do  not  possess  much  information  as  to  the 
consequences  of  removal  of  both  ovaries  in  little 
girls.  A  statement  appears  in  some  books  that  the 
operation  is  performed  in  Persia,  and  that  women  of 
a  mascuUne  type  result,  but  this  is  a  traveller's  tale. 
The  symptoms  of  the  artiticial  menopause  following 
double  oophorectomy  may  be  much  relieved  by 
graftmg  a  piece  either  of  the  patient's  ovary,  or  less 
satisfactorily  that  from  another  person,  "into  the 
abdominal  wall.  In  some  cases  menstruation  has 
remained  unaffected,  and  when  the  graft  has  been 
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into  the  peritoneum,  it  is  said  that  i)regnancy  has 
occurred.* 

The  Corpus  Lutcum.  —  After  ovulation  ha'; 
occurred,  the  Graafian  folhcle  becomes  converted 
into  a  fjland  containing;  a  yellow  fatty  pigment,  the 
corpus  hiteum.  Ordinarily  this  is  quite  small  ;  if 
prctrnancy  follows  it  may  reach  a  diameter  of  half  to 
thni-f|uarters  of  an  inch.  Apparently  the  internal 
secretion  of  this  body  determines  the  fixation  of  the 
ovum  in  the  uterus,  and  perhaps  also  the  subsequent 
overgrowth  of  that  organ.  If  both  ovaries  are 
removed  early  in  pregnancy,  abortion  always  follows. 
In  extra-uterine  pregnancy  the  uterus  enlarges 
although  the  foetus  is  not  inside  it.  Removal  of  both 
ovaries  in  animals  or  in  the  human  subject  in  the 
later  months  of  pregnancy  does  not  usually  lead  to 
.-•bortion  ;  one  patient  went  on  to  full  term  in  spite 
of  double  oophorectomy  as  early  as  the  sixth  week. 

Whether  the  internal  secretions  of  the  ovary  are 
due  to  the  corpus  luteum  or  to  the  interstitial 
glandular  cells  is  quite  uncertain.  There  is  some 
evidence  of  other  obscure  internal  secretory  functions 
besides  those  mentioned.  A  rare  disease  called 
osteomalacia,  characterized  by  soltening  and  bend- 
ing due  to  decalcification  of  the  bones,  makes  great 
progress  during  pregnancy,  and  in  some  cases  at 
lea>t  is  cured  by  a  double  oophorectomy. 

Ovarian  feeding  has  been  tried  to  relieve  the 
symptoms  of  the  natural  or  artificial  menopause,  but 
the   results   are   dubious.     It   is  always   difficult    to 
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Um-un  .vUrn  an  intrrnal  s.^cn.t..,n       il  hr  canublo  ol 
absorptHni   through   th.-   int.-st.nal   wall   un.hanKcl 
CaJcium  salts  havr  lM....n  usc<i  fur  Ih.-  same  troubles 
■irul  ,n  som..  ,as<..,  at  l.-ast.  work  nrnarkaf.lv  w.ll.   ' 

FUNCTIONS     OF     THIZ      TliSTIS. 
Thr  mo.t  obvioti.  fanrtioi,  „i  tlu-  tc-tis,  of  ,-oursr 
'^  to  produce  s|.<Tmato/oa.  whicl.  it  continn.>  to  .l<i 
wvll  on  into  ol.l  ,i:;«'. 

The  toti..  bowevcr,  coniain.  ..tlur  >.cretory  <d!. 
between  the-  tubul.-s,  sometimes  oalkd  the  cells  of 
Leylu,'.  and  to  tlu-se  i.  attributed  the  production  of 
an  internal  se.ret.on.  It  is  not  uncommon  for  one 
or  both  testes  to  fail  to  d..>cend  fcryi,t<,rchi.m).  and 
'n  l.ilateral  cases  the  individual  is  nearlv  alwavs 
•sterile,  but  the  secondary  sexual  characters  are 
usually  preserN-ed.  On  microscopical  examination 
the  tubules  are  little  developed,  but  the  interstitial 
cells  of  Leydig  appear  to  be  normal. 

It  has  been  much  debated  whether  the  failure  to 
descend  is  the  cause  or  the  consequence  of  the  failure 
to    develop,    and   on    the    answer    to    this    question 
depends  the  sur^Mcal  treatment  ;    if  the  first  is  true 
•  t  is  ughly  desirable  to  find  some  operative  procedure 
which  will  ensure   the   testis  a  permanent   resting- 
place  in  the  scrotum,  but  the  evidence  goes  to  show 
tiiat  this  does  not  lead  to  projxT  growth  of  the  gland 
so  we  must  conclude  that  descent  fails  because  it  is 
iiot   worth   while   for   the    gubernaculum    to    brintr 
down  a  defi-ctive  organ. 

When  the  testes  on  both  sides  are  removed  after 
puberty,  the  consequences  are  sterilitv.  atmnl.v  „f 
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tlic  prostate  f,'li^"(i.  ami  m  a  few  rast-s  in  oM  nun 
mental  impairment.  The  secondary  sexual  rharacti  rs 
are  not  lost,  and  it  is  very  tlonhtful  if  the  dotat;*' 
which  lias  sometimes  followed  is  really  due  to  l()>s  of 
any  internal  secretion  or  nervous  inlluence  ;  most 
probably  it  is  merely  the  cf)nse(juence  of  a  mutilating 
operation  preying  on  the  mind  of  a  broken-iiown 
individual.  In  younger  and  healthier  adult>  there 
i^  no  mental  change  or  lo>s  of  capacity. 

The  atrophy  of  the  pro>tate  is  not  constant,  but 
the  effects  of  castration  lia\e  been  taken  advantage 
of  to  reduce  the  size  of  a  prostatic  enlargement 
rau>:ng  obstruction.  Ligature  or  e.xcision  of  the  vas 
deferens  blocks  the  way  f(;r  the  external  secretion 
of  the  testis,  and  leads  to  atrophy  of  the  tubule^ 
and  consequent  sterility,  but  the  internal  secretion 
of  the  interstitial  cells  is  not  affected  un'ess  the 
niain  vessels  of  the  cord  are  tied. 

In  boys,  the  results  of  castration  are  inorv  far- 
reaching,  causing  not  only  sterility  but  also  failure  of 
the  secondary  sexual  characters  (euimchism).  As 
is  well  known,  the  operation  has  been  practised  for 
centuries  upon  the  attendants  and  guards  of  the 
harem  at  Oriental  courts.  The  beard  and  moustache 
do  not  usually  appear,  the  voice  is  childish,  the  body 
fat,  and  the  mental  attitude  to  the  world  modified, 
al  'lough  there  is  no  loss  of  business  capacity.  The 
jirostate  and  vesicuhe  are  atrophic,  but  there  is  not 
necessarily  impotence.  In  cocks,  testicular  graftin.; 
partially  obviated  the  effects  of  castration.  Indeed, 
it  is  even  recorded  that  in  a  hen,  after  removal  of  the 
ov.iries,  tpctiriilar  grafting  caused  the  bird  to  grow 


^1 


■  i* 


^-SKT, 


nt 


TIIK    (;kmtai.    (JLANDS 


Li    l| 


a  comb,  wattKs.  and  spur-,  and  '-tail  to  crow,  but 
this  ncjuircs  contirniatioii. 

I-"ol!o\vinK  upon  Brown  s/cpiard's  famous  con- 
tention that  fffd.n^r  oi  mj.  (  tion  of  totic  tilar  extra(  t 
liad  made  him  at  ji  a  youuK  man  a^ain.  attempts 
liav.'  hern  mad.  ,  (-.pccially  by  vendors  of  expensive 
I)atent  renuMlicv,  to  romince  the  profe->ion  tfiat  the 
internal  secretion  of  tlie  t,>tis  can  he  taken  as  a 
rejuv.natm-  dm-,  recalling  tfie  rhi^.ical  story  of 
Medea's  (auldron;  but,  a-  Biedl  say-,  "  exact  and 
carefiillv  controllt-d  expermients  with  this  substan(  <• 
have  not  been  de-cribfil  ".  Auto-su,i,',!,'estion  probably 
accounts  for  much  of  the  allet;ed  benotit. 
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CON7ROL  OF  THE  GENITAL  GLANDS  BY 
INTERNAL  SECRETIONS. 

Not  only  are  the  genital  glands  themselves  the 
source  of  internal  secretions,  but  there  is  a  good 
deal  of  accumulating  though  ill-assorted  evidence  to 
show  that  their  own  activity  is  dependent  upon 
chcniir.tl  messengers  (hormones),  reacliing  them  by 
the  bloodstream,  derivetl  from  what  we  call  the 
ductU'ss  glands. 

Wiiat  ih  it  that  makes  a  man  masculine  and  a 
woman  feminine  ?  It  used  to  be  thought  that  the 
testi-  and  the  ovary  were  solely  responsible.  Now 
We  know  that  masculinity  and  femininity  may 
jHTsist  even  after  these  glands  are  removed.  The 
mere  fact  of  infertility  does  not  abolish  sex,  which  is 
d.^])endeni  ujx.n  the  coml):ned  working  of  a  num- 
ber of  internal  secretions. 
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The  Ductless  Glands  before  Puberty.  —  In 
vouni,'  animals  and  in  (  hil.lrm  Ihr  .l.-volopmmt  oi 
thr  ovary,  testis  and  ..tticr  parts  of  th.-  f,'enital 
.il)i)aratu>  depends  upon  rhcnncal  >timuli  received 
from  tlir  pituitary  and  thyroid  glands.  Exprrimcntal 
n'moval  of  these  glands  in  youni,'  animals,  or 
uisuHKiency  diseas,..^  „f  ^ithir  of  tlicni  in  man, 
may  k-ad  to  sexual  infantilism. 

On  the  other  hand,  f,Teat  enlargement,  and  therefore 
presumably  hypersc^cretion,  of  the  cortex  of  the 
suprarenal  (hypernephroma)  causis  precocious  sexual 
development  of  the  male  typ  ,  In  boys  this  leads  to 
overgnnvth  of  the  sexual  organs,  with  early  activity. 
In  ^-irls.  there  is  enlargement  of  the  clitoris,  growth 
of  hair  on  the  face  and  pubes.  and  sometimes  a  male 
tyix-  of  external  genitals  (pscudo-hermaphroditism). 
but  there  is  not  premature  menstruation  or 
fertility. 

\'ery  few  cxses  of  overgrowth  of  the  pineal  gland 
are  on  record,  but  in  some  of  these  there  has  been 
s<'xual  precocity  in  boys. 

Sexual  precocity  in  girls  is  not  uncommon  ;  it 
appears  to  be  due  to  excessive  ovarian  secretion. 
In  one  cas.-  a  girl  seven  years  old  showed  precocious 
development  and  menstruation  ;  an  ovarian  swelling 
was  removed,  and  the  signs  of  puberty  subsided. 

It  is  found  in  g>-na;cological  practice  that  thyroid 
and  pituitary  feeding  may  hasten  puberty  in  cases 
where  it  is  unduly  delayed.  After  twtnty,  how- 
♦;ver,  a  small  uterus  cannot  be  stimulated  to  grow. 

We  have  no  sufficient  evi  !en.  ^  yet  of  the  value  or 
mherwise  of  feeding  with  t'.e  du  .uebs  glands  in  cases 
of  cryptorchism  with  atrophic  testes. 
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The  Ductless  Glands  after  Puberty.  Here 
a:;ain  deficient  internal  secretion  of  the  thyroid 
gland  appears  to  Ix;  a  cause  of  anienorrhoca.  painful 
menstruation,  and  monthly  pain  in  the  breasts,  and 
Blair  Bell  states  that  thyroid  feeding  cures  many 
such  cases.  It  is  of  course  \\v\l  known  that  myx- 
oedema  leads  to  amenorrhoea  and  sterility. 

In  cas<3s  of  pituitary  disordrr.  also,  anieiiorrhoja 
and  sterility  arc  the  rule  in  uonn.n,  and  impotence 
in  men.  These  are  probabiy  tlue  to  deficiency  of 
the  pituitary  secretion,  but  this  is  not  very  clear. 

Not  only  do  the  secretions  of  the  ductless  glands 
inlluence  the  genital  organs,  but  there  is  evidence  of 
an  effect  in  the  reverse  direction.  During  }iregnanc\- 
the  thyroid  gland  usually  enlarges  a  little  ;  in  Italy 
this  has  been  taken  for  years  as  a  sign  of  concei)tion. 
The  pituitary  gland  also  shows  enlargement  (Krdheim 
and  Stumme).  Berry  points  out  that  adenomatous 
goitre  nearly  always  occurs  in  single  or  nulliparous 
women. 

It  has  already  been  stated  that  removal  of  the 
ovaries  is  a  remedy  for  osteomalacia ;  Bossi  has 
recently  advanced  evidence  that  the  same  effect  may 
be  produced  more  conveniently  by  injections  of 
adrenalin. 

THE     SECRETION     OF     MILK. 

It  is  a  very  striking  phenomenon  that  after  twenty 
or  thirty  years  of  quiescence  the  mammary  glands 
should  suddenly  spring  into  acti\ity  on  the  very  day 
when  the  secretion  is  recpiired.  It  cannot  be  due  to 
nervous    inlluences,    because    there    is    no    nervous 


CI! 


"^^S 


^u:^/Sb;:%mm 


SS5S 


THE    UKNITAL    (JI.ANDS 


14: 


mechanism  controlling  the  flow  of  milk.  For  this 
reason  pilocarpine  does  not  increase  and  belladonna 
preparations  do  not  check  the  secretion,  in  spite  of 
their  ancient  reputation  founded  on  analogy.  It  is 
true  that  when  the  child  is  put  to  one  breast  the 
other  may  pour  out  a  little  milk,  but  this  is  due  to 
reflex  contraction  of  the  muscle  about  the  ampulla 
of  the  ducts.  The  only  drug  which  increases  the 
flow  of  milk  is  pituitary  extract,  hut  here  again  the 
action  is  probal)ly  on  the  muscle,  not  on  the  gland 
cells. 

The  physiological  stimulus  which  starts  the 
lactation  is  an  internal  secretion  derived  from  the 
foetus.  Injection  of  extracts  of  fa-tal  animals  into 
a  non-pregnant  female  of  the  same  species  brings 
about  hypertrophy  and  functional  activity  of  the 
mammary  glands  (Starling  and  Lane-Claypon).  The 
statement  that  this  hormone  is  derived  from  the 
ovary  can  scarcely  be  true,  because  lactation  is 
normal  after  double  oophorectomy.  It  is  not  un- 
common for  the  rudimentary  breasts,  even  of  the 
foetus,  to  be  stimulated  to  a  few  days'  activity 
('witch's  milk').  One  of  a  pair  of  conjoined 
Siamese  twins  was  recently  dehvered  of  a  child, 
and  both  commenced  lactating. 

Once  started,  the  secretion  of  milk  is  kept  up  by 
suction.  When  this  ceases,  the  glands  return  to  the 
quiescent  state. 


THE     OVUM. 

The  epithelial  and  other  cells  of  the  adult  are  not 
immortal,   and   require   frequent   renewal   to   repair 
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daily  wear  and  tear.  The  cell-divisions  bringini; 
this  about  arc  initiated  by  the  division  of  a  bodv 
outside  the  nucleus,  called  the  centrosome,  wliicli 
forms  the  achromatic  spindle.  A  skein  appears  in 
the  nucleus,  which  divides  into  V-shaped  bodies 
called  chromosomes,  which  in  man  arc  twenty-four 
in  number.  Each  chromosome  splits  into  two,  form- 
ing forty-eight  ;  of  these,  tv/enty-four  jiass  to  one 
daughter  nucleus  and  twenty -four  to  the  other. 
Fmally,  the  cell  protopla.-^m  cleaviis.  and  the  nucleus 
returns  to  its  resting  condition.  This  process  is 
called  homotypc  (i.e.  normal)  mitosis. 

Before  it  meets  a  spermatozoon,  the  nucleus  of 
the  ovum  divides  twice,  extruding  the  two  polar 
bodies.  At  the  second  of  these  divisions,*  half  the 
chromosomes— that  is,  in  man,  twelve— are  thrown 
out,  and  the  centrosome  with  them.  This  is  to 
prevent  parthenogenesis  —  th(?  development  of  an 
ovum  into  a  foetus  without  a  male  element.  In 
bees  and  wasps,  where  parthenogenesis  or  urs,  this 
second  or  heierotype  mitosis  does  not  take  place. 

In  the  formation  of  the  spennatozoon,  also,  a 
cell  with  twenty-four  chromosomes  divides  into  two 
spermatozoa  with  twelve  each  ;  the  head  is  the 
nucleus,  the  neck  the  centrosome,  and  the  tail  is  the 
cell  body.  Thus  the  foetus  starts  life  with  twenty- 
four  chromosomes,  twelve  from  each  parent,  in 
these,  according  to  Weissmann,  is  bound  up  its 
heredity,  includmg  the  impulse  to  assume  the  general 
shape    ot    mankind,    the    viscera   with    their   proper 
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anatomy  and  functions,  and  some  resemblance  to 
the  facial  appearance  and  even  the  tone  of  voice  and 
character  of  the  parents.  How  all  this  is  crowded 
into  snch  microscopical  objects  is  the  greatest  marvel 
in  biology. 

The  spermatozoon  probably  brings  in  some 
chemical  factor,  at  any  rate  in  sea-urchins  ar.d 
starrtsli,  because  in  these  animals  the  i)urely  female 
ovum  tan  be  induced  to  develop  into  a  larva  by  con- 
centrated sea-water,  tannin,  or  even  violent  shaking. 
Perhaps  these  animals  are  not  far  removed  from 
parthenogenesis,  and  the  part  played  by  the  male 
in  vertebrates  is  probably  more  important.  Recently, 
however,  it  has  been  stated  that  stabbing  an  un- 
fertilized frog's  ovum  will  make  it  develop  as  far  as 
the  tadpole  stage,  but  no  further. 

After  fertilization,  the  ovum  starts  to  divide  into 
*wo,  four,  eight,  and  so  on.  Much  light  is  thrown 
upon  the  process  by  the  phenonienon  of  identical 
twins.  Ordinary  twins,  due  to  the  fertilization  of 
two  ova  by  two  spermatozoa,  are  no  more  alike  than 
any  other  pair  of  brothers  or  sisters,  identical  twins 
probably  result  from  the  accidental  separation  of  the 
two  cells  produced  from  the  first  division  of  a  fertiliz- 
ation ovum,  and  the  children  have  an  identical 
heredity.  They  are  exactly  alike  in  sex,  appearance, 
and  even  in  deformities  such  as  hernia.  This  shows 
that  tlie  sex  and  general  conformation  of  the  child 
are  probably  fixed  from  the  moment  when  a  particular 
ovum  and  a  particular  spennatozoon  meet. 

Tht;  cuHSdtion  of  $cx  is  still  a  puzzle.  It  has  been 
suggested  that  the  left  ovary  gives  rise  to  (jva  that 
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will  prfKlurc  girls,   and  the   right   ovary  generate^ 
boys,  so  that,  as  a  rritic  remarkid.  it  might  be  possible 
to  prevent  a  national  disapjv.int'iKnt  by  removing 
a  (lueen's  left  ovary.     Differences  m  feeding  a  set  of 
developing  embryos  are  said  to  alter  the  proportion 
<'f  males  and  females,  bnt  this  is  probably  due  to  an 
excess  in  mortality  of  the  on»-  or  the  other.     It  is  an 
anci(>nt  tradition  that  during  a  great  war  more  boys 
than  girls  are  born  because  the  m(     ers  are  i)hysically 
superior  to  the  male  weaklings    .no  have  not  gone 
t.)  thi-  front,  but  PZurope's  recent  ordeal  lends  v.-ry 
httle  support  to  the  theory.     Bearing  on  the  vi<>w 
that  the  offspring  is  likely  to  belong  to  the  same  sex 
as   the   feebler  parent,   it   may   be   mentioned   that 
statistics  have   been   published   showing  that   when 
the  man  is  older  than  the  wife,  male  births  are  to 
female  as   113  to   100   (the  general  average  for  all 
births  is  106  boys  to  100  gids)  ;    when  the  parents' 
ag.  s  are  the  same,  there  arc  935  boys  to  100  gids  ; 
and  when  the  woman  is  older,  i>S-z  boys  to  100  gids. 
These  figures  are  corroborated  by  some,  but  contra- 
dicted  by  others.     It   is  said  that   when  old  men 
marry  young  wive.s  (a  May  and  December  wedding) 
the  children   are  usually   boys.     A   German   writer, 
drawing  his  observations  fn)m  the  relation  between' 
th"  time  of  a  soldier's  leave,  the  time  in  the  cycle  of 
the  wife's  menstrual  periods  when  he  was  at  home 
aiul  the  sex  of  the  next  child,  concluded  that  concej)- 
tion  just  after  menstruation  leads  to  the  birth  uf  boys, 
and  concejJtion   later  to  the    birth    of   girls.     None 
of  thesi    theories   rests   on   any  sufficient   evidence. 
A  more  h<.peful  explanation   may  be   based  on  the 
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fart  tliat  in  somr  invertebrates  there  is  an  additional 
X  ( hromosome  in  all  the  female  ova,  but  only  in 
half  the  male  spermatozoa ;  fertilization  by  a 
spermatozoon  7cUh  the  x  chromosome  gives  rise  to 
femaler,  and  without  it  to  males.  If  this  is  true, 
sex  is  pure  chance,  unless  variations  in  the  health 
of  the  father  affect  the  proportion  of  the  two  types 
of  spermatozoa. 


CHEMICAL     DIAGNOSIS     OF     PREGNANCY. 

When  an  unusual  protein  passes  rejjeatedly  into 
tiic  circulation,  antibodies  of  a  ferment  nature  are 
produced  to  destrov  it.  Some  protein  from  the 
placenta  passes  into  the  maternal  blood-stream 
during  pregnancy.  Abderhalden  has  based  upon 
this  a  method  of  serum  diagnosis.  Fresh  placenta 
is  treated  with  the  patient's  serum,  and  if  she  is 
pregnant,  peptones  are  formed  by  digestion.  These 
can  be  dialysed  off  tlirough  an  animal  membrane, 
and  tested  for  by  the  biuret  reaction.  Though 
requiring  extreme  care  in  the  teclini(iue,  the  method 
appears  to  be  sufticiently  accurate  and  reliable  to  be 
of  some  cHnical  value. 
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CHAPTER     VII 
THE     GROWTH     OF     BONE. 
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WO  closely  allied  problems,  h..u  hones  increase  in 
length  and  girth  in  the  child,  and  h(A',  regenera- 
tion of  new  bone  takes  place  after  loss  or  injury  are 
of  great  interest  and  practical  importance  in  surgery 
Every  case  of  separation  of  an  epiphysis  by  accident' 
and  every  oj.eration  on   the  growing  end  of  a  bone 
m   children,  involves    a    consideration    of  the   first 
problem  ;   every  case  of  fracture,  necrosis,  periostitis 
or  osteomyelitis  depends  for  its  i>roper  understand- 
ing and  rational  treatment  upon  the  second.    A  very 
important  research  has  recently  been  published  which 
necessitates  a  .areful  reconsideration  ..f  some  ol  our 
conceptions  of  this  subject. 

We  may  summarize  the  traditional  teaching  thus 
Bone  is  laid  down  by  certain  colls  called  ostcohlash 
In  young  animals,  these  are  the  direct  descendants 
of  cartilage  cells.  When  the  cartilage  becomes 
vascular,  the  cells  urxlergo  inoliferation  for  a  time  • 
when   they  assume   their   individual  maturity   they 
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cease  to  divide,  and  lay  down  calcareous  salt>  all 
around  themselves  ju5t  as  a  coral  polyp  docs  ;  they 
are  included  in  the  midst  of  the  bone  thus  formed  as 
bone  cor{>uscles. 

Increase  in  the  loigth  of  the  bone  takes  place  by 
the  new  additions  at  each  end,  where  the  layer  of 
cartilage  between  the  shaft  and  the  epiphysis  is  con- 
stantly being  transformed  into  bone  ;  but  inasmuch 
as  its  cells  keep  on  dividing,  the  cartilage  is  not  used 
up  in  the  process  until  the  age  of  eighteen  to  twenty- 
five  is  reached.  It  is  usual  for  one  epiphysis  to  unite 
later  than  the  other,  and  in  that  case  the  increase  of 
length  is  greater  at  this  end  than  at  the  opposite,  and 
the  nutrient  artery  to  the  shaft  will  be  directed  away 
from  the  persistent  epiphysis  because  the  bone  is,  as 
it  were,  pushed  d<:)wn  inside  the  periosteum. 

So  far,  the  results  of  recent  investigation  entirely 
support  and  amplify  the  older  opinion.  A  classical 
experiment  of  John  Hunter's  may  be  quoted.  He 
inserted  two  leaden  shot  into  the  tibia  of  a  \oung 
pig,  e.xactly  two  inches  apart.  When  the  animal  had 
grown  up,  he  found  that  although  the  boi  was  of 
course  much  longer,  the  shot  were  still  e.xactly  two 
inches  apart.  Evidently,  then,  the  increase  of  length 
must  have  been  at  the  ends,  not  by  interstitial 
increase  of  the  shaft. 

More  recently,  Macewen  has  removed  cdinost  the 
whole  shaft  of  the  right  radius  in  a  young  dog  by 
the  subperiosteal  method,  leaving  the  two  ends. 
After  si.v  weeks,  there  was  strong  and  vigorous  growth 
from  each  epiphysis,  and,  aided  by  a  bending  of  the 
ulna,  the  two  ends  had  com.-  together,  although  no 
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jx;ri.,steal  growth  of  bone  I.ad  taken  place.  One  of 
li.O  (•piphv.ts  was  rlam:mrd  :  from  thi-  enri  f|„.  „,.u 
bony  dcvel(;i)mont  was  slenderer  than  from  the  un- 
injured end. 

In  another  experiment,  two  and  a  !ialf  inches  of 
bon(^  wtli    its  periosteum  were  removed   from   the 
ra(hus  of  a  young  dog,  and  metal  caps  fitted  over 
the  sawn  extremities  of  the  shaft  remaining  tn  siiu 
Seven  w^ks  later,  the  gap  was  found    completely 
bndgcd  by  bone,  and  the  two  metal  caps  had  come 
together.     Owing  to  bending  of  the  ulna,  they  did 
not  absolutely  meet,  but  passed  one  another  laterally 
In  yet  another  case,  the  plate  of  cartilage  between 
the  shaft  and  epiphysis  was  removed  from  the  radius 
of  a  young  dog.     The  bone  failed  to  grow  at  that  end 
and   a  lateral   expansion   of  the  epiph\-sis  became 
attached  to  the  ulna  and  stunted  its  growth  also 
ihis   exr>eriment   is    of   course   paralleled    in    man 
when  a  separation  of  an  epiphysis  takes  place    or 
when  the  growmg  end  is  removed  in  the  excision  of 
a  jomt. 

Increase  m  the  ^»>M  c,f  bone  has  been  attributed  to 
the  periosteum.  Between  it  and  the  bone,  osteoblasts 
are  to  be  found  in  young  animals,  and  these  lay  down 
ring  after  ring  of  concentric  lamelhc.  I  f  the  develop- 
ing animal  is  fed  with  pigment,  such  as  madder,  for  a 
short  period,  there  may  be  found  months  later  a 
buried  pigmented  ring  of  bone  which  was  Laid  down 
at  t  i  It  time.  Another  classical  experiment  we  owe  to 
Duhamcl  (17,^9),  who  buried  a  silver  ring  under  the 
ponosteum  of  a  young  animal,  and  found  some  time 
after  that  the  ring  had  become  covered  bv  subsenuent 
bone  lonuation. 
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It  was  the  natural  corollary  from  this  belief,  that 
when  bone  has  been  destroyed  by  inflammation  or 
removed  by  o}x;ration,  we  must  look  to  the  periosteum 
to  regenerate  new  bone  :  and  as  a  matter  of  fact  it  i>- 
well  known  that  if  the  periosteum  is  stripped  up  intm 
the  shaft  by  a  purulent  collection  beneath  it,  it  dots 
in  most  cases  lay  down  a  sheath  of  bone  outside  the 
space  in  which  the  pus  lay.  Again,  after  fractures 
we  look  to  the  periosteum  to  produce  ensheathing 
callus  to  bin<i  the  broken  ends  together  again.  Some 
regenerating  power,  however,  must  be  allowed  to 
osteoblasts  derived  from  the  bone  itself,  to  explain 
the  formation  of  callus  between  the  actual  fractured 
ends  and  in  the  medullary  cavity. 

Well  entrenched  as  this  view  has  been,  it  has 
recently  bt^en  subjected  to  most  damaging  criticism 
by  Sir  William  Macewen,  who  goes  so  far  as  to  state 
that  the  function  of  the  {periosteum  is  not  to  produce 
bone  but  to  limit  the  production  of  bone,  and  that 
osseous  regeneration  takes  place  from  the  osteoblasts 
of  the  bone  iti^elf.  not  from  the  periosteum.  He 
supports  his  thesis  by  some  most  interesting  exp)eri- 
ments  on  animals,  and  observations  on  man. 

It  has  always  been  admitted  that  some  power  o^ 
1  lynng  down  bone  must  be  allowed  to  osteoblasts 
(]uite  apart  from  the  epiphyseal  cartilages  or  the 
periosteum,  because  of  course  it  is  their  province  to 
iill  in  the  Haversian  canals  with  concentric  rings  of 
new  bone,  and  also  to  cement  the  ends  of  a  fracture 
as  intermediary  and  intramedullary  callus.  The  hard- 
ness and  density  of  bone  rather  blind  our  eyes  to  the 
fact  th.it,  like  every  other  li\ing  lissu*-,  the  piuces!>trs 
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Of  bmld.mr  up  ;i,ui  br.Mkin.t,'  duwii.  absorption  and 
new  forniati..n.  are  cmtinuallv  A'oirif,'  on  m  its  roils 
and  molecules.     When  it  is  irritated,  as  for  instance 
wnen  a  pin  is  driven  into  compact  bone,  absorption 
t-ikes  place,  and  the  pin  m.y  loosen  in  the  course  of  a 
<lay  or  two  ;  when  it  is  withdrawn,  osteoblasts  wander 
into  the  track  and  fill  it  with  new  bone.     Even  so  soft 
im  organ  as  tiu'  ton-ue  helj.s  to  maintain  the  shape  of 
the    jaw.  and  after  a  successful  operation  for  cancer 
the  lower  teeth  come  in  time  to  slope  towards  the 
buccal  cavity.     The  interstitial  changes  in  bone  are 
affected  by  various  toxins  and  internal  secretions  • 
dunng  rickets  the  osseous  tissue  is  at  first  softened 
and    finally   becomes   more  compact;    the   pituitaiV 
secretion  causes  it  to  undergo  hypertroj^hy. 

So  much  is  known  and  admitted.  The  evidence 
which  enables  Macewen  to  go  further  and  to  deny 
any  share  to  the  periosteum,  as  such,  is  as  follows- 

•  a  u  ^''^'  '"^  ""^""'P  °^  periosteum  a  qu.irter  of  an 
inch  broad  and  two  inches  long  was  peeled  up  from 
the  radius,  leaving  the  attachment  to  the  epiphvsis 
intact.     It  was  buried  between  muscles 

Eight  weeks  later,  there  was  no  trace  of  bone 
fonnation  in  the  fibrous  intermuscular  band  wJiich 
represented  the  periosteum.  On  the  other  hand 
there  was  a  bony  ridge  outgrown  from  the  area 
whence  it  had  been  stripped  up.  So  far  then  from 
tonning  bone,  the  periosteum  must  hive  been  pre- 
venting the  outgrowth  of  bone. 

In  other  e.xptTiments,  a  strip  of  periosteum  was 
excised  and  immediately  implanted  in  the  r.eck  of  the 
same  animal  around  the  jugular  vein.     (Isuallv  ^^ 


TlIK    (illOWTFI     OF    HONK 


\h', 


v.a  ''iriiply  absorbed  ;  onci*  a  tiny  osseous  nodule 
was  foun  1,  "lerived  jirobably  from  an  attached  chip 
of  I'Mii'-.  Macewen  points  out  the  ,i,Teat  practical 
import;' nee  of  this  in  such  an  ojx^ration  as  sub- 
periosteal excision  of  the  elbow.  If  care  is  not  taken 
to  inspect  the  periosteum,  adherent  bony  flakes  may 
be  left  wiiich  will  grow,  and  lock  the  joint.  If  they 
are  all  removed,  an  excellent  free  joint  results.  This 
represents  the  experience  of  over  two  hundred 
cases.  On  the  other  hand,  care  must  be  taken 
not  to  encroach  on  the  diaphysis  of  the  humerus  by 
removing  too  much,  or  it  may  sprout  new  bone. 

In  other  experiments,  Macewen  removed  portions 
or  the  whole  length  of  a  lx)ne  subperiosteally.  No 
regeneration  took  place  to  fill  the  gap,  except  in  a 
few  cases  where  the  animal  was  young,  and  the  grow- 
ing epiphyseal  ends  pushed  the  extremities  together 
to  diminish  o:  obliterate  the  gap.  No  new  penosteal 
bone  was  fonned. 

He  then  rej>eated  Duhamel's  silver-ring  observa- 
tion, and  foun  that  the  burv'ing  beneath  new  osseous 
tissue  occurred  just  as  well  if  the  bone  in  that  neigh- 
bourhood, or  indeed  in  its  whole  length,  was  first 
deprived  of  periosteum.  The  new  bone  could  be 
seen  overflowing  the  ring  from  the  edges.  In  this 
case  it  is  perfectly  evident  that  the  osteoblasts 
providing  for  growth  must  have  come  from  the  shaft, 
not  from  the  periosteum. 

A  number  of  important  observations  are  recorded 
demonstrating  the  regenerative  powers  of  bone  itself, 
apart  iu  m  prriosteurn,  and  more  particularly  in 
young  animals.     These  iriay  be  briefly  sum  ni-.rized. 


4 


i:.H 


TIIK    (.liOWTlI     i)y 


HONK 


Alth.Mi.'l,  ^.raft>  of  i>..riostou,a  ,nto  the  nock  will  „ot 
crrow  osseous   tissur,    tl„„   sluvint,'s  of   bon.    itself 
^mi  .irly   transplant-.l.   will   doul.le    m    len-Mh   an.l 
'hickness  in  most  cav-s.    In  a  number  of  experiments 
(>«eces  .>t  bone  an  inch  or  more  in  length,  or  even 
compnsmt,'  the  wliole  shaft   of  a  long   bone    were 
successfully  transplanted  from  one  do,-  to  another' 
In  a  classical  case   Macewen  built  up  a  new  humeru. 
for  a  lad  who  had  lost  the  shaft  by  acute  necrosis 
and   althouf,di    the   wedges   of   bone,    derived   from 
excsmns  for  deformed  l^gs.  were  not  covered  Nvith 
})onosteum.  they  grew  and  consolidated,  and  now 
more   than   thirty  years  after,   aided  by   the  m-at 
growth  of  the  upper  epiphysis,  which  has  contributed 
the  bulk   of   the-  Immenis.   the  arm  is  strong  and 
useful.     I„  other  cases,  fragments  of  bone  have  been 
replaced    to   hi!   gaps    in    the   skull,  with  excellent 
results. 

Macewen   has  secured  osseous  growth   by   trans- 
p  antat.on  of  bone  chips  mto  the  omentum,  and  also, 
after  burymg  glass  tubes  in   the  middle  of  a  lone 
bone  ho  has  found  the  lumen  of  the  tube  invaded  bv 
osteoblasts  and  osseous  islands  laid  down.     In  one 
mterestrng  c;ise,  a  traumatic  aneurysm  formed  from 
the  brachial  artery  of  a  young  patient  in  consequence 
of  the  penetration  of  the  vessel  by  a  spicule  of  the 
humerus,  which  was  fractured.     Osteoblasts  washed 
out  of  the  humerus  were  thus  distributed  throughout 
the  clot   lining  the  aneurysm,  and   it  develcped   a 
regular  bony  wall.     This  would  probably  occur  more 
requently  when  the  aorta  erodes  the  vertebra?   but 
.or  the  fact  that  in  that  case  the  patient's  osteoblasts 
are  usually  senile. 
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In  sf)nie  pxpoiiincnts,  after  removiii;^  a  lenf,'tli  of 
the  radius  with  its  periosteum,  the  ^ap  was  tilknl 
with  bone  ( liips.  Coiisohdation  took  place,  but  a 
tan,'e  tuniour-Hkc  mass  of  calhis  formed,  intiltr;  ting 
th«  surroundintj  muscles.  The  osteoblasts  from  each 
ehip  had  wandered  out  and  proliferated,  and  when 
they  became  mature  had  >urrounded  themselves 
with  calcareous  deposit,  which  bound  together  not 
only  the  detached  fragments  and  the  broken  end.-», 
l)ut  also  the  muscles  and  tendons  in  the  nei;^'hbour- 
hood. 

The  experimental  and  clinical  work  of  Hey  (iroves 
on  fractures  strongly  supports  the  view  that  callus  is 
derived  from  bone  and  not  from  perio«>tetnn. 

The  factors  which  inrluce  bone-corpuscle^  to 
become  active  and  proliferate  are  not  perfectly 
understood.  Macewen  lays  stress  on  rchef  from 
pressure,  and  no  doubt  this  has  great  importance. 
Dissemination  of  osteoblasts  by  increased  vascularity 
of  the  part  is  another  factor.  The  i)eriosteum,  when 
intact,  limits  the  osteoblasts  to  their  own  proper 
sphere,  and  prevents  their  encroaching  on  the 
muscles  and  fascial  planes. 

According  to  some  German  and  French  observa- 
tions, blood-clot  has  an  intiuence  not  only  in  pro- 
viding a  suitable  medium  in  which  bone  may  be 
formed,  but,  further,  in  exerting  a  direct  chemical 
stimulus  upon  the  osteoblasts. 

We  may  now  apply  these  researches  to  surgical 
practice,  considering  first  the  consequences  and 
repair  of  fractures.  In  subperiosteal  fractures,  rapid 
;ind  firm  union  takes  place  v.ithout  any  enshcathing 
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callus,  and  the  bone  feels  (jnilr  normal  after  a  few 
months.  When  the  periosteum  is  extensively  torn, 
osteoblasts  wander  out  bevond  its  limits,  and  en- 
sheathing  callus  may  '  e  formed  in  quantity.  Much 
will  depend  on  the  amount  of  movement  to  which 
the  part  is  subjected.  Vigorous  movem.ent.  or,  in 
those  cases  where  the  periosteum  is  stripped  away, 
deep  massage  a{)plied  too  early  just  over  the  ;;ite  of 
the  fracture,  will  disseminate  the  osteoblasts  far  and 
wide.  .\ot  only  may  the  callus  be  excessive,  and, 
perchanrc,  look  the  nearest  joint,  but  muscles,  nerves, 
or  tendons  may  become  ensheathed  l)v  new  bone, 
and  their  functions  be  impaired. 

Here  belong  those  interesting  and  by  no  means 
infrequent  cases  in  which,  after  a  fracture,  especially 
near  the  ell)ow-joint,  an  osseous  mass  develops  in  the 
.Tiuscles,  as  for  instance  in  the  brachialis  :.nticus. 
This  is  called  traumatic  myositis  ossijicaiis.  The  mass 
can  be  moved  apart  from  the  bone,  and  casts  a 
shadow  with  the  x  rays.  What  has  happened  is  that 
massage  or  movements  have  scattered  the  osteoblasts 
far  and  wide,  and  they  have,  after  a  few  weeks, 
performed  their  usual  function,  and  regem-rated  bone 
in  their  new  surroundings.  It  is  signihcant  that 
thf^sc'  cases  have  become  common  only  since  the 
modern  treatment  by  massage  and  movements 
has  been  introduced,  excellent  as  it  is  when  suitably 
applied.  If  the  periosteum  had  remained  intact,  this 
could  never  have  occurred.  The  treatment,  if  stich 
a  lump  forms,  is  not  excision,  which  usually  leads 
to  recun-ence,  but  stiict  limitation  of  movement  by 
means  of  a  sj^lint. 
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The  reason  why  so  much  more  callus  forms  in 
animals   thaii   in    man    is   because   so    much    more 
movement  of  the  broken  ends  takes  place.     In  these 
circumstances  there  is  often  a  stage  in  which  cartilage 
is  to  be  found  in  the  callus,  on  its  way  to  form  bone. 
It  is  evident,  therefore,  that  care  should  be  exer- 
cised, after  a  fracture  in  which  it  is  probable  that  the 
periosteum  is  torn,  to  avoid  deep  massage  and  move- 
ments close  to  the  sue  of  the  fracture  during  the  first 
fortniglit,  although  they  may  well  be  applied  to  the 
neighbouring  joints.     When  the  fracture  is  very  near 
a  joint  it  is  far  better  to  trust  to  a  single  efficient 
movement  once  a  week  (to  avoid  adhesions)  than  to 
allow  repeated  small  n-  tvements  in  the  early  stages. 
It  is  well  known  that  exostoses  or  spurs  of  bone 
usually  form  in  the  attachment  of  nmscles  or  tendons. 
The  probable  explanation  is  that  by  the  continual 
drag  and,  it   may  be,  slight  wrenches,  some  asteo- 
'.Hsts  are  detached  from  the  bone  and  invade  the 
icndon. 

Universal  myositis  ossificans,  such  as  occurs  in  a 
so-called  '  brittle  man ',  may  be  due  to  some  such 
cause  as  this,  or  perhaps  to  embolism  of  osteoblasts. 
The  strongest  evidence  for  the  older  view,  that 
bone  is  laid  down  by  the  periosteum,  is  provided  by 
cases  of  acute  periostitis,  where  pus  forming  inside 
the  bone  finds  its  way  out  between  the  shaft  and  the 
periosteum,  so  that  the  latter  is  extensively  strip{)ed 
up.  In  many  cases,  new  bone  begins  to  form  under 
the  detached  periosteum,  outside  the  jms,  and  the 
shaft  usually  necroses. 

Macewen    explains   this   occurrence    by   declaring 
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that  if  the  intlamniatory  mischief  is  not  ver>'  acute, 
vasodilatation  takes  j)hice  within  the  bone,  and  the 
osteoblasts  are  carried  out  by  the  Haversian  canals 
to  the  loose  areolar  snace  under  the  periosteum,  to 
which  hbrous  membrane  some  of  them  adhere. 
When  this  is  stripped  up  later,  these  osteoblasts  lay 
down  new  bone,  but  those  remaining  on  the  shaft  are 
deprived  of  their  blood-supply  and  therefore  die.  Il 
the  inflammatory  mischief  in  the  centre  of  ti.  >  bone 
is  very  acute,  the  whole  shaft  may  die,  t'sp'-cially  it 
thrombosis  occurs,  and  therefore  no  osteoblasts 
escape,  so  that  no  new  bone  at  all  can  be  laid  down 
under  the  {>eriosteum.  This  is  by  no  means  a  rare 
occurrence. 

In  local  jHjriostitis,  again,  which  should  rather  be 
described  as  an  osteitis,  the  bone-forming  cells  are 
brought  by  the  blood  stream  to  the  loose  areolar 
tissue  underneath  the  periosteum,  and  luuiing  there 
a  line  of  least  resistance,  are  able  to  lay  down 
young  bone,  and  so  produce  a  localized  swelling, 
marked  out  in  a  skiagram  by  r  faint  line  ot  shaduw 
close  to,  and  parallel  with,  the  shaft. 

riie  truth  of  the  matter  probably  is  that  the 
aetive  oste(jblasts  beneath  the  periosteum  in  normal 
bone  (the  cambium  layer)  may  adheie  either  to  the 
surface  of  the  bone,  or  to  the  under  Muface  of 
the  periosteum,  under  ditterent  circumstance-  ;  in 
Mactwen'^  i\j)eriments  they  adhered  to  the  l>t)ne, 
and  thi>  i>  ])r()bal)lv  the  rule.  When  there  Is 
inllammation,  and  the  })eriosteum  is  stripped  up  by 
pu>,  nianv  of  them  prefer  to  ^-tick  li>  the  ])eriosteum. 
During  ojieiations  fi)r  tlie  removal  of  bone,  great 
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efforts  are  often  made  to  preserve  the  periost-^um. 
and  sometimes,  as  for  instance  in  excising  the  lower 
jaw,  the  membrane  is  preserved  even  at  the  risk  of 
leaving  septic  material  behind,  in  the  vain  hope  that 
it  will  form  new  bone.  The  only  j)ossil)ility  of  its 
doing  so  is  .1  osteoblasts  have  been  driven  out  bv 
inflammation  and  have  become  adherent  to  it.  It  is 
useless  to  expect  healthy  periosteum  to  regenerate 
bone,  such  as  a  piece  of  rib  removed  for  empyema, 
though  it  may  form  a  guide  for  the  gap  to  he  hlled 
by  growth  from  the  epiphj-seal  end. 

Bone-grafting.     A     gnat     impetus     has     Ixvn 
given  to  th.-  study  of  these  problems  by  the  numerous 
«)l)p  .rtuniti.'s   provided   by   war   surgery   for   bone- 
grafting.     Tnunited    fractuns    after    wounds    have 
been  of  common  occurrence,  and  the  surgeons  have 
all  been  busy  })utting  bone-grafts  into  the  gap>.     .At 
the  same  timi ,  the  .\lbee  operation  of  introducing  a 
bone-graft  from  the  tibia  into  a  furrow  m  the  split 
>I)inous  processes  of  the  \frtebr.e  for  Pott's  (lisf-ase 
has    become    i)opular.     It    nuist    be    granted    that, 
whatever   the    teciuiiciue.   our  (xperiencc    has   .om- 
pletely   establislud    the    fact    that    a    transplant    of 
livmg    bone    from    th<'    ^ame    patient    (autogenou- 
graft)  will   usually  live  and  grow  and  unitt-  tirmly 
with  the  ends  (jf  the  hone  int(j  wh'wh  it  ha>  been 
it'trothued. 

There  have  been  veiy  many  histological.  >kia- 
graphii  ,  and  other  studies  of  the  fate  of  the  K'raft. 
and  though  controversy  still  rages  between  the 
£wo  schools  as  to  the  part  the  periosteum 
pla\s   in    b^)nc    regeneration,    one     may    begin    to 
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sec    a    way   "f    rfCDiiciliiii;'    thi-    farts   on     tlu'     <>in' 
side     and     thi-     other.       It      is    qnitc     dear     that 
xouni^    osteoblasts    can    rtprodiK c    bone,    and    tliat 
old   ones,   shut    up   as     bon< -coqniscles    in    lacuna-, 
cannot.     Also,    wo    kntnv    that    bone    deprived    <if 
ixriosteuni   can   survive    and    fnrni    a   useful   i^raft, 
uniting'   with   the    ends   <>f  the  shaft   into  which    it 
is    ink'raftcd.     Neverthel»-ss    its    periosteum    should 
always  bt;  ]>reserved   if  ])ossibl(>,   because  the   little 
vessels   passint;   from    the    periosteum   to   bone    are 
important   for  the   nutrition   of  the  bone,   and   the 
]HTiosteum  readily  forms  vascular  < onnections  witli 
the    surrounding;    tissues.     Also,    the    most    active 
youuK  osteoblasts  arc  found  princip.illy  just  be.ieath 
the  ])eriosteum,  and  on  the  surface  of  the  bone-shaft. 
Other  active  osteoblasts  line  the    Haversian    canals 
and  the  lacun;e  oi  cancellous  bone,  and  are  esi)ccially 
numerous  in  the  endosteum,  that  is.  the  tilm  of  cells 
which  lines  the  bony  tube  surrounding'  the  marrow 
cavity.     If  a  bone-f^raft  is  examined  microscopically 
some  months  after  the  operation,  the  great  bulk  of 
it  shows  dead  bone-corpusdes  and  some  absorj)tion 
going  on,  but  beneath  the  periosteum  and  endosteum 
and  around  the  lacun.e  there  is  living,  growing  bone. 
The  success  of   a   bone-grafting   depends   also   on 
some  other  factors.     Asepsis  is,  of  course,  essential, 
and  so  is  secure  fixation  and  freedom  from   move- 
nunt  during  the  I'lrst  couple  of  months  or  so.     The 
pri-manen(e    and    strength   of    the  graft,    however, 
depend  on  the  use  that    is   made   of  it.     Function- 
less  bone,  buried  in  a  nui-t  le  f(ir  instance,  tends  to 
absorb;    v^M-ful   bune,    tillin;:   a  gap   in   the    jaw   or 
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radius,  becomes  stronger  as  the  part  is  used.  Hone- 
gr.ifts  into  the  fimur  and  humerus  have  not  so  far 
been  -^uceessful. 

It  is  not  y^'t  decided  whether  rib-cartilaf^e  will 
>urvive  well  and  function  as  a  graft.  I  have  used 
it  for  the  lower  jaw  and  also  for  closing  skull  gaps. 
It  has  two  advantages,  in  that  it  is  easy  to  work 
with  and  cut  to  shape,  and  that  normally  rartilagt- 
is  accustomed  to  a  .■>canty  blood-supply.  My  cases 
did  satisfactorily,  but  according  to  Leriche  and 
Policardc  the  hyaline  cartilage  part  of  the  graft  is 
slowly  absorbed. 
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There  is  some  relationship,  not  well  understood. 
l)etween  the  internal  secretions  of  the  ductless  glands 
and  the  growth  of  bone.  Over-secretion  of  the 
pituitary  gland,  as  we  shall  see,  results  in  overgrowth 
of  tlie  bones,  and  may  lead  to  gigantism.  On  the 
other  hand,  iiuidequate  thyroid  secretion  will  btunt 
the  growth  of  the  bones,  as  is  seen  in  cretinism. 
Thyroid  medication  will  occasionally  lead  to  the 
consolidation  of  an  ununited  fracture,  or,  what  comes 
to  the  same  tiling,  the  internal  secretion  of  the 
thyroid  gland  may  be  increased  by  giving  iodide  of 
potassium. 
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CHAPTER    VII L 

THE    THYROID    AND     PARATHYROID 
GLANDS. 

iiisroRv      iM  MoVAi.  oi     rm     lirvRoiD   am.    pakmhvkoid-. 

K|;M0V\I  O!  I'AKATMYKOins  AI.ONK  HKMOVAI.  OK 
IHYK',11.  M(,vi:  IMYKOID  KKK|)I\(.  'UKMIMkY  OI 
IHYH(JUi  lOI.l.DIli  J'AHI.NTIIYMATOIS  r.oITRi:  1()[)(»- 
lOKM  AM)  TMYKOIDISM  ACTION  OK  lODIDKS  ON  (;iMMATA 
AND        ATIU  Ki.MA        KXOI'll  rilAl.MK  HOITKK       f'RA.    IILAI 
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iy  T^'(H    of   the   clinical    and  cxpcriiiicntal    work 

IVl      which   has   been    done    in    connection    with 

those  glands  can  no  longer  be  described  as  new,  but 

it  will  be  helpful  to  mention  in  [)assing  some  of  the 

well-known  results  obtiiined  by  the  tirst  observer-. 

HISTORY. 

.■\s  long  ago  as  1S59.  '>ch\fi  described  the  fatal 
result  which  inevitably  supervenes  after  removal  of 
the  thyroid  gland  in  dogs,  but  it  was  not  until 
'  cachexia  stmmipriva  ',  or  operative  myxedema, 
was  found  to  follow  so  many  of  Kochcr's  carlv 
ojK'rations  for  goiire  on  jialients  coming  from  the 
goitrous  Swiss  valleys,  that  this  fact  attracted  much 
attention.  Th<-  relation  of  the  thyroid  to  mv-Vfcdema 
was  then  established  by  Gull  and  Ord.  The  highly 
successful  treatment  of  myxcedema  .md  cretinism  by 
tliyroid  fieding  w,is  introduic<l  bv  .Murrav,  follow- 
ing  on    the   observation    bv    >(liitt    and   subsequent 
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workers  that  transplantation  of  the  gland  beneath 
the  skin  of  the  thvToidcctoniizod  animal  relieved 
the  synij)tonis. 

REMOVAL  OF  THYROID  AND  PARATHYROIDS. 
We  Nvill  consider  first  the  coiiMHiuences  of  removal 
of  the  thjToid  j:jland  in  animals.  The  effect  of 
total  removiU  varies  greatly  with  the  sjiecies.  Thus 
rodents  are  little  if  at  all  affected,  sheep  and  cattle 
more  so  ;  in  man  and  monkeys  the  symptoms  are 
marked,  and  in  carnivores,  especially  f<jxes,  a  rapidly 
fatal  result  ensues.  To  some  extent  tliis  striking 
diversity  depends,  as  we  shall  see,  on  the  liability  to 
simultaneous  removal  of  the  parathyroids ;  for  a 
long  time  this  was  not  recognized.  Males  are  more 
severely  affected  than  femides,  and  castration  is 
said  to  modify  the  symptoms.  Thyroidectomized 
animals  are  very  susceptible  to  cold,  and  keeping 
cats  warm  n^ay  save  their  lives  ;  of  course  thyroid 
medication  imist  be  undertaken  at  the  same  time. 
It  is  well  known  that  human  patients  wth  myxoedema 
feel  the  cold  vcr\"  nmch.  The  symptoms  in  dogs 
and  monkeys  are  vomiting,  muscular  prostration, 
emaciation,  and  often  death.  Of  great  importance 
IS  the  frequent  occurrence  of  tetany.  The  spasms 
are  at  first  slight,  affecting  the  jaw  muscles,  then 
they  spread  over  the  whole  body  and  may  be  fatal. 
Ttiis  condition  has  several  times  followed  a  too 
extensive  removal  of  the  thyroid  in  man,  and  may 
also  occur  in  myxcedema.  Another  symptom 
present  frequently  in  monkeys  is  narrowing  of  the 
pal[)ebral  fissure,  so-calletl  enophthalmos  ;    we  shall 
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see  tl»;it  .ulininist ration  of  thyroid  extract  may 
cause  t'xoplithalmos.  Tnic  inyxncdi-ma  is  not  often 
seen  in  the  exiu'rinu'iital  animals.  It  has  been 
inducfd  in  mild  drf,Tee  in  monkeys  by  Horsley, 
Edmimds,  and  others,  but  not  with  any  constancy, 
and  in  other  animals  it  is  not  seen  at  all. 

It  is  not  usually  pr)ssible  to  save  the  lives  of  dogs 
or  monkeys  whose  thyroids  have  bcrn  removed, 
by  feeding  on  sheep's  tliyroid,  although  a  good  deal 
of  reUef  may  be  obtained  for  the  svmptoms  in  this 
way.  Grafting  a  piece  of  the  gland  unfler  the  skin 
is  successful  for  a  wliile,  but  eventually  it  is  absorbed. 

The  effects  of  removal  of,  or  insufficient  secretion 
by,  the  thyroid  gland  in  man  are  myxotJemu,  and 
occasionally  tetany. 

In  408  cases  in  Kocher's  clinic  at  Berne  complete 
extir[)ation  of  the  tliyroid  was  followed  bv  myxcedema 
in  69  cases,  and  a  similar  operation  in  78  cases  in 
Billroth's  clinic  wa<  followed  by  tetany  in  13  cases, 
of  wliich  0  provoti  fatal.  Feeding  with  sheep's 
thyroid  is  wonderfully  successful  in  myxcedema, 
but  is  not  usually  effectual  in  tetany. 

Partial  removals  of  the  thyroitl  in  dogs  produce 
symptoms  of  correspondingly  lessened  severity. 
Halstead  found  that  in  one  case  one-eighteenth 
of  the  gland  sufficed  to  ward  off  symptoms  of 
athyroidism,  but  the  amount  wliich  could  safely  be 
left  varied  in  (hfferent  animals.  One  bitch  which 
had  lost  two-thirds  of  her  totid  thyroid  became 
pregnant  by  a  healthy  male,  and  all  her  whelps  had 
enormous  goitres,  a  lact  wfuch  has  :Uso  been 
observed  bv  Edmunds. 
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Histolo)i,'ical  examination  of  the  portion  remaining 
>hows  a  sequence  of  changes  remarkably  like  those 
occurring  in  exophthahnic  goitre,  namely,  distention 
and  irregular  shape  of  the  vesicles,  with  watery  fluid 
instead  of  colloid,  and  columnar  epithelium  instead 
cf  cubical. 

REMOVAL     OF     PARATHYROIDS. 

The  variation  in  tht;  symptom-complex  following 
(m  thyroidectomy,  and  the  variability  of  response 
to  thyroid  feeding,  both  dejiend  on  any  coincident 
injury  to  the  parathyroid  glands.  For  many  years 
thcic  glands  passed  unrecognized,  and  most  of  the 
effects  attributed  above  to  rcmoviU  of  the  th>Toid 
are  as  a  matter  of  fact  due  to  loss  of  the  parathyroids. 
These  are  two  pairs  of  small  glands,  about  one-third 
of  an  inch  long  and  usually  flattened  in  shape,  lying 
behind  the  lateral  lobes  of  the  thyroid  close  to  the 
trachea,  not  easily  distinguishable  from  the  thyroid 
except  by  the  microscope,  when  they  are  seen  to 
consist  of  columns  of  polygonal  cells  with  no  regular 
arrangement  into  acini,  and  secreting  no  colloid. 
One  pair  was  discovered  by  Sandstrom  in  1880, 
and  the  functions  were  investigated  by  Gley  in 
1892  ;  but  the  second  pair  was  not  recognized  till 
Kohn's  monograph  appeared  in  1895.  A  number  of 
physiologists  liave  siii'e  described  the  efftct^  ot 
removal  (VassaU  and  Generah,  Edmunds,  Moussu). 
If  all  four  {parathyroids  are  taken  away,  the  animal 
succumbs  rapidly,  with  symptoms  just  such  as  have 
been  described  under  the  heading  of  thyroidectomy, 
tetany  being  a  marked  feature.     The  signs  are  the 
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viinc  whcthrr  the  thyroid  pland  is  removfd  or  li-ft. 
l.<M\-irK,'  one  par.ithyroid  is  usually  suffici.'nt  t<» 
prevent  death,  but  tetany  may  still  ensur. 

Swale  \in<ent  does  unt  believe  ni  the  relative 
iin])ortan(  (■  of  the  j.arathyroid  ^'lands,  but  the 
evidenre  is  so  wei^'hty  and  s(.  well  su})i)ortcd  by 
many  obst  rvers  that  it  ha>  to  be  arrepted. 

riian^es  in  the  human  parathyroids  are  s.iid  to  W 
very  Irequent  in  cases  ot  tetany  in  ihildien  or 
pregnant  women,  and  also  in  osteomalacia,  in  which 
the  inorf,'anic  matter  (.f  bone  is  larj,'ely  removed. 
There  are  fart>  in  favour  of  the  hv])othi'sis  'hat  the 
tetany  itself  deju  nds  on  some  abnormality  of  the 
(  alcium  metabolism  of  the  body.  The  main  function 
of  the  parathyroid  glands  is  perhaps  to  control  the 
calcium  metabolism.  Normally  the  amount  of  cal- 
cium in  blood  serum  is  about  lo  m^nns.  in  looc.c.  but 
in  spontaneously  occurring  tetany  it  sinks  to  about 
half  that  amount  (Howland  and  Marriott).  Calcium 
chloride  administration  raises  the  ([uantity  nearly 
to  normal,  and  rapidly  cures  the  spasms,  but  it  needs 
to  be  ])ersisted  with  for  many  weeks. 

Noel  Patoii  ;md  fellow  workers  at  (ilasgow  believe 
that  the  synijjtoms  of  tetany,  whether  arising 
clinically  from  malnutrition,  chronic  colitis,  dilata- 
tion of  the  stomach,  etc..  or  ])ro<luced  e.xjierimentally 
by  e.xcising  the  parathyroid  glands  in  animals,  art- 
due  to  intoxication  with  a  chemical  substance  called 
k'uanidine,  which  gives  rise  to  identical  symptoms 
(tendency  to  spasms,  increase  in  muscular  tone,  rise 
in  the  non-urea-nitrogen  output  in  the  urine).  They 
(juote    exjieriments,   which,    how(  ver,  do    not    seem 
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'[uit'  <ntirlusiv«',  th.it  K"  t"  ^li'>\\  th  it  f^iianidinc  i> 
l>ri  -^l■rlt  in  th(  blood  in  tt  t.mv.  A<  ( online:  to  this 
\  ifw,  the  function  of  the  j\'ir.ithvr<M(l  tissue  is  to 
«  ontrol  f^ij.inidinc  nict.iholisin.  It  is  not  <  Ir.ir  how 
the  rahiurn  tlu(jry  ;in(i  the  i^uanidinc  theory  tit  in 
with  one  another. 

It  would  Sfoni,  then,  that  in  man.  inyxfedoma  i-- 
due  to  loss  of  the  inti-rnal  secretion  of  the  thyroid 
itself,  but  that  tetany  and  fatal  symjitoms  in  both 
man  and  anima!  are  due  to  loss  of  tin-  parathyroids. 
The  convulsions  of  tetany  in  dogs  may  be  arrested 
by  feeding  on  a  watery  extract  of  twelve  to  twenty 
horses'  i)arathyn)ids  (Moussu). 

REMOVAL     OF     THYROID     ALONE. 

Removal  of  the  th\Toid  gland  %\ithout  the  para- 
thyroids is  ustuUly  not  fataJ  ;  myxcedema  results 
in  man  ;  occasionallv,  {MThaiis,  in  animals  also,  but 
iu(jre  commonly  only  cachexia.  In  young  animals, 
however,  the  results  are  much  more  distinctive, 
and  viin  Eiselsberg  and  others  have  induced  very 
convincing  cretinisin,  with  a  remarkable  stunting 
of  growth,  in  lambs,  goats,  rabbits,  and  asses.  It 
is  interesting  and  imj)ortant  to  notice  that  the 
animals  so  treated  developed  exceedingly  marked 
atheroma  of  the  aorta,  of  which  \un  Eiselsh>er- 
gives  good  figaires. 

THYROID     FEEDING. 
We  now  turn  to  the  effects  of  thyroid  feeding  in 
the  normal   man   anil   animal.     These  are  j)erfectly 
(  haracteristic  if  large  doses  arc  gdven.     The  blood- 
pressure  falis,  the  j)ulsc  becomes  rapid  (120-140  or 
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more),  there  nuiy  be  uver,  hoadaclK'  is  iisual,  and 
there  is  great  mental  depression  or  excitement  in 
many  cases.  Exophthcdinos  has  been  recorded 
several  times  after  an  overdose  in  man  (Beclere, 
Notthat't),  and  monkeys  (Edmunds).  The  metabolic 
exchanges  ot  the  body  arc  increased,  consequently 
there  are  loss  of  weight  and  an  increased  output  of 
urea,  chlorides,  and  phosphates,  and  the  gaseous 
exchanges  in  the  lungs  are  above  normal  (Roos, 
Magnus  Levy).  It  will  be  noticed  that  the  parallel- 
ism with  Graves'  disease  is  very  striking. 

CHEMISTRY  OF  THYROID  COLLOID. 
Chemical  investigation  of  the  colloid  has  \ielded 
some  important  results.  There  is  a  chemical  sub- 
stance called  iodothynn,  which  has  the  characters  of 
a  globulin  (Oswald)  and  contains  a  variable  propor- 
tion of  iodine.  This  element  is  usually  abundant  in 
the  thyroid,  but  almost  absent  in  the  other  tissues 
of  the  body.  Its  jiresence  was  first  proved  by 
Baumann,  of  I'reiburg,  in  i8q6,  and  has  been 
abundantly  confirmed  since.  The  amount  present 
varies  with  the  species  and  also  with  the  individual  ; 
in  some  cases  it  falls  below  the  limits  of  chemical 
recognition.  Herbivores  possess  it  in  abundance, 
most  vegetables  containing  iodine.  Orkney  sheep, 
which  feed  largely  on  seaweed  in  the  winter,  have 
;'.n  extraordinary  amount.  In  carnivores  it  is  very 
scanty.  In  man  it  is  nearly  always  present  in 
recognizable  ([uantities,  except  in  young  children. 
Wells  finds  that  the  amount  varies  with  the  locality, 
ind  in  general  is  inversely  in  proportion  to  the  local 


I>AHATHYH011>    CJLANDS 


17:: 


PRvalencc'  .;oitro.  In  parenchymatous  goitre  the 
i.Klm.  rontcnt  is  too  low  ;  in  exophthalmic  Koitrc  it 
IS  too  hiuli.  A  principal  function  of  the  thyroid  1. 
to  control  the  iodine  metabolism  of  the  body. 

It  is  a  moot  point  whether  iodothynn  is  the  active 
principle   of    the   thyroid   gland.     The   most    recent 
^searches    suggest    that    it    is    not.    and    that    the 
amour.t  of  iodine  present  on  analysis  may  not  be  a 
rehabh;    indication     oi     tlie    activity    of     a    ghmcl 
c-Ktract      On  the  other  hand.  Kendall  has  recently 
Uolated  from  the  colloid  a  crystalline  uulol  deriva- 
tive, rich  .n  iodine,  to  which  he  gives  the  formula 
of  C,,H,.,().,NI,.  and  which  i>  said  to  be  .ffectual 
in  cm-ing  myxoedema  and  cretinism. 

PARENCHYMATOUS     GOITRE. 
Directing  our  attention  now  to  enlargements  of 
the  thvToid  gland,  we  rule  out  those  that  are  merely 
due  to  tumour  formation,  such  as  adenoma  or  cystic 
disease    and  confine  ourselves  to  the  parenchyma- 
tius  gmtres.     It  has  long  been  known  that  there  is 
some   connection   between  drinking-waters  and  the 
hicidence  of  goitre.     The   disease  is  e^traordinany 
prevalent  in  certain  cUstricts.  and  especialK   where 
the  water-supplv  is  derived  from  particular  geologica 
formations,    such    as    the    molasse    in    ^-tzedand 
and  the  carboniferous  Umestone  in  Derbyslure.     In 
Khokand.   Turkestan,    a   very   large   proportion   of 
the  uh.le   population  suffers,   and  Russian  soldiers 
stationed    there  rapidly  acquired  the  disease      The 
mtro'luction  of  a  new  water-supply  has  several  times 
induced  an  epidemic  of  goitre  in  a  town.  or.  on  the 
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other  Iiand.  reduced  the  number  of  cases  in  an 
endemic  area.  Thus  at  Ruppersvvyl.  near  Aarau, 
an  endemic  area  in  which  59  per  cent  of  the 
children  were  goitrous,  in  1884  the  water-supply  was 
changed  for  one  from  a  non-goitrous  district,  and 
in  ten  years  the  percentage  had  fallen  to  eleven. 
There  are  on  the  Continent  certain  goitre  wells  called 
Kropfbrunnen,  at  which  young  men  anxious  to 
escape  conscrij.tion  drink.  They  have  been  known 
for  centuries,  and  the  water  will  induce  goitre  in 
horses  and  dogs,  as  well  as  in  man.  Boiling  the 
water  destroys  its  remarkable  effect  on  the  thjToid 
gland.  This  has  been  taken  to  prove  that  some 
living  organism  is  the  effective  cause,  but  another 
theory  is  more  probable,  as  we  shall  see  later. 

During  Captain  Cook's  vovage  in  1772,  it  is  related 
that  the  crew  ran  short  of  water,  and  had  recourse  to 
blocks  of  ice  from  the  icebergs  amongst  which  they 
were  sailing,  melting  them  in  iron  pots.  Quite  a 
number  of  those  who  partook  of  this  water  developed 
a  goitre,  other  members  of  tlie  crew  escaping. 

A  large  projecting  swelling  of  the  thyroid  is  not 
uncommon  in  trout  kept  in  certain  tanks  or  streams. 
In  the  earlier  stages,  parench3'matous  goitre  can 
usually  be  cured,  either  by  feeding  on  thyroid  extract 
or  by  means  of  potassium  iodide.  Marine*  fias 
pointed  out  that  in  America  there  was  formerly  a 
serious  commercial  loss  in  some  districts  from  cretin 
lambs,  and  that  sheep  and  dogs  with  goitre  were 
numerous;    the   substitution    of    an   iodiferous   salt 
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tor    pure    rock-sail    iui>    been   completely    successfti! 
in  preventini,'  all  these  manifestations. 

Chalmers  Watson,  and  more  recently  p:dmun(ls, 
have  ol)taine(l  goitre  in  fowls  by  a  meat  diet.  The 
low  iodine-content  of  the  meat  makes  it  necessary 
for  the  thyroid  to  enlarjje,  so  as  to  take  the  greatest 
advantage  of  what  iodine  it  can  get. 

There    is    abundant    evidence    that    iodides,    and 
especially   organic   con\binations   of   iodine   such    as 
iodoform,     have     great     power    in     enhancing    the 
activity    of    the    thyroid    gland.     We    have    already 
seen  that  the  gland  normally  secretes  iodine  into  the 
blood-stream,    combined    with    a    globulin.     Koos, 
and   more   recently   Hunt   and   Seidel,   have   shown 
that  the  activity  of  the  colloid  varies  directly  with 
the  amouni  of  iodine  contained  in  it,  but  this  is  not 
tmiversally  accepted.     When  iodides  or  iodoform  are 
given  by  the  mouth,  they  ar.-  taken  up  by  the  thyroid 
and  secreted  in  the  blood-stream  in  the  form  of  iodo- 
thyrin,   which  may  be  the  normal  active  principle 
of  the  gland.     The  amount  of  iodine  in  the  gland  m 
these  circumstances  rises  considerably,  as  has  been 
proved  by  Oswald  in  man,  and  by  fiunt  and  Seidel 

in  dogs. 

What,     then,    is     the     relation     between     iodme 

metabolism  and  goitre  ? 


In    the    first 
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we 


mav   conclude    that    the 


thyroid  enlarges  in  goitre  because  it  is  necessary 
for  it  to  do  increased  work.  A  certain  quantity  of 
iodothyrin  is  needful  for  the  general  well-being  of  the 
individual;  if  t:  e  gland  is  scantily  supplied  with 
iodine    it  must   enlarge  in  order  to  take  the  lullest 
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possible  advantage  of  all  that  may  be  brought  to 
it  by  tlie  blood-stream.  In  the  same  way  a  kidney 
hypertrophies  when  its  fellow  is  degenerated,  in  order 
to  obtain  more  urea  for  excretion  ;  and  the  red  blood- 
corpuscles  double  in  number  when  a  man  takes  up 
his  abode  in  the  rarefied  atmosphere  of  great  alti- 
tudes, to  make  the  best  use  of  the  diminished  supply 
of  oxygen.  It  has  been  shown  by  Oswald  in  a  number 
of  observations  that  in  goitre  the  thyroid  colloid  is 
exceedingly  deficient  in  iodine,  both  in  calves  and 
man.  Thus  we  get  a  clue  to  the  successful  treatment 
of  the  affection  either  by  iodiferous  compounds 
or  by  thyroid  extract.  It  is  well  known  that  either 
of  tiiese  remecUes  will  cure  early  cases  of  goitre, 
before  the  enlargement  becomes  chronic.  The 
success  of  the  iodiferous  rock-salt  on  tiie  American 
farms  may  be  accounted  for  in  the  same  way.  An 
explanation  is  also  offered  of  the  fact,  noticed 
previously,  that  the  whelps  of  bitches  from  whom 
a  good  part  of  the  thyroid  has  been  removed  are 
all  goitrous,  the  plasina  supplied  to  the  foetal  glands 
evidently  containing  a  deficiency  of  iodine  derived 
from  the  maternal  thyroid.  Of  2333  cases  of  con- 
genital goitre  collected  by  Fabre  and  Th-'-venot,*  the 
mother  was  almost  invariably  goitrous.  The  foetal 
thyroid  enlarges  in  order  to  obtain  as  much  iodine 
as  it  can. 

It  was  natur;d  to  suggest  that  the  waters  of  the 
Kropfbrunnen  were  deficient  in  iodine,  but  this 
theory  would  overlook  the  fact  that  the  bulk  of  our 
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iodine  is  derived  from  vegetables,  not  from  drinking- 
water,  and  as  a  matter  of  fact  these  wells  show 
no  constant  deficiency  or  excess  of  iodine.  It  is 
possible  that  they  contain  minute  traces  of  some 
metal  having  a  great  affinity  for  iodine,  and  forming 
with  it  an  insoluble  compound.  It  is  quite  conceiv- 
able that  boiling  the  water  might  precipitate  such 
a  metal.  This,  if  taken  into  the  body,  would  with- 
draw so  much  of  the  available  iodine  as  inert  metallic 
iodide,  that  the  thyroid  must  enlarge  to  obtain  the 
indispensable  minimum. 

-Major  jMcCarrison,  who  has  been  observing  endemic 
goitie  amongst  the  Gilgit  highlands  in  North  India, 
has  lately  brought  forward  fresh  arguments  in  favour 
of  a  bacteriological  theory  of  its  causation.  He  has 
induced  a  definite  JweUing  of  the  thyroid  both  in 
himself  and  in  natives  by  drinking  the  muddy  residue 
on  the  filter  ;  the  filtered  water,  in  a  short  experi- 
ment, did  not  give  rise  to  goitre,  nor  did  boiled  water. 

No  organism  could  be  found  in  punctures  of  the 
gland.  Goats  given  water  to  drink  contariinated  by 
the  faices  of  goitrous  patients,  in  some  cases,  though 
not  in  others,  developed  a  certain  amount  of  sweUing 
of  the  thyroid  gland,  and  in  man  ten-grain  doses  of 
thymol,  used  as  an  intestinal  antiseptic,  reduced  the 
size  of  a  goitre  in  some  patients.  Hence,  McCarrison 
believes  that  the  disease  is  due  to  an  intestinal 
organism.  According  to  Wilms,  Bircher,  and  others,* 
the  water  of  goitre  wells  retains  the  power  of  inducing 


*  Bircher.  Deut.  med.  Wochensch.,  igio,  No.  37  ;  Wilms,  Deut. 
med.  Wochensch.,  igio,  No.  13;  Kolle.  Korrespond.  r.  sckweiz. 
Aerzii,  1909,  No.  17. 
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thyroid  fnlarpcmcnt  in  rats  after  passing  through  a 
Bcrkcfeld  lilt<  r.  It  is  true  that  a  few  tiny  bacteria 
are  filtcr-passcrs,  but  the  immense  majority  are  held 
back.  It  is  easy  to  cause  enlarf;ement  of  the  thyroid 
by  various  means  ;  Birchcr  sh(j\vs  that  food  con- 
taminated by  the  faces  of  normal  rats  causes  goitre 
in  other  rats. 

There  are  goitre  wells  in  England.  One  is  known 
to  the  \vriter  near  Berkeley,  in  Gloucestershire. 
Its  water  is  used  by  only  one  or  two  families,  but 
four  cases  of  goitre  have  resulted.  It  is  usually  the 
growing  children  who  suffer. 

IODOFORM     AND     THYROIDISM. 

The  conclusions  which  modem  physiology  has 
reached  with  regard  to  the  relation  between  iodine 
compounds  and  the  thyroid  gland  lead  us  to  some 
further  important  explanations  of  obscure  problems. 
We  are  now  able  to  understand  the  to.xic  effects  of 
iodoform,  and  the  beneficial  action  of  iodides  on 
arteriosclerosis,  aneurysm,  and  gummata. 

Iodoform  poisoning  has  become  a  well-recognized 
condition,  and  every  text-book  on  pharmacology  or 
to.xicology  gives  a  clear  description  of  the  clinical 
l)icture,  which  the  writer  has  verified  by  consulting 
the  reports  on  some  loo  cases  scattered  through 
the  literature,  not  including  the  very  numerous 
records  of  dermatitis  or  erythema  following  its  local 
use.  A  long  list  of  well-described  cases  (not  always 
very  convincing)  is  given  by  Cutler.* 


Boston  Med.  Soc.  Jo:irnal,  1886,  ii,  pi\  73.  '"i.  m" 
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There  are  four  main  varieties  of  iodoform  poi- 
soning : — 

I.  Skin  eruptions,  sucli  as  dermatitis,  erythema, 
and  swelling. 

z.  Persistent  subjective  taste  and  smell  of  the 
drug  long  after  its  application  has  been  discontinued. 

3.  Toxic  amb;yo{)ia  (5  cases),  and  optic  atrophy 
(i  case). 

4.  Acute  thyroid  symptoms,  comprising  rapid 
pulse,  delirium,  headache,  vomiting,  and  a  variable 
amount  of  fever.  The  most  characteristic  sequence 
IS  when  the  pulse  .s  very  rapid  but  the  temperature 
normal. 

Of  the  above  groups  we  are  now  concerned  only 
with  the  last. 

It  will  be  noticed  that  the  clinical  picture  cor- 
responds exactly  to  that  seen  after  administration 
of  excessive  doses  of  thyroid  extract.  Iodoform 
causes  its  toxic  effects  by  stimulating  the  internal 
secretion  of  the  thyroid  gland,  with  the  production 
of  acute  thyroid  intoxication. 

I  have  described  a  case  in  which  chronic  thyroid 
intoxication,  that  is  to  say  Graves'  disease,  clearly 
followed  the  application  of  iodoform  to  an  absorbing 
surface.  There  was  certain  proof  that  too  much 
iodoform  was  absorbed,  because  for  weeks  after  the 
drug  had  been  withdrawn  the  patient  was  haunted 
by  its  smell  and  taste.  The  tachycardia  and  wasting 
were  first  noticed  a  week  or  two  after  this  symptom 
developed.  The  Graves'  disease  was  stiU  present  in 
a  mild  form  one  year  later,  but  eventually  disappeared. 

Hunt   and  Seidel   have   shown   that  after  dosing 
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a  dog  with  iodofi^rni,  tin'  iod-ue  content  and  the 
activity  ^>l  the  thyroid  colloid  are  both  increased 
f,'really.  The  thyroid  secretes  into  the  blood,  as 
iodothyrin,  the  iodine  derived  from  the  iodoform. 
When  strychnine  is  excreted  by  the  kidneys  the 
excretion  is  merely  discharged  from  the  body,  and 
therefore  the  drug  can  do  no  more  harm.  But  the 
increased  secretion  of  the  thyroid  is  discharged  not 
externally  but  into  the  blood,  and  may  poison  the 
patient. 


ACTION     OF     IODIDES     ON     GUMMATA     AND 
ATHEROMA. 

A  similar  increase  in  the  thyroid  secretion  may 
be  obtained  by  giving  iodides,  but  apparently  the 
gland  is  not  able  to  utilize  these  as  readih'  as  it  does 
iodoform,  for  large  doses  do  not  so  easily  cause 
acute  thyroid  intoxication.  Here  we  tind  the  ex- 
planation, >  long  sought  in  vain,  of  the  effect  of 
iodides  on  gummata,  arteriosclerosis,  anil  aneurysm. 
The  beneficial  agent  i:i  really  the  increased  internal 
secretion  of  the  thyroid  gland. 

Two  important  results  of  obser\-ation  and  experi- 
meut  confinn  this  theory. 

In  the  first  place,  in  cases  of  myxuedema,  arterio- 
sclerosis is  early  and  intense.  The  same  is  true  in 
animals  after  removal  of  the  thyroid.  \'on  Eiselsberg 
gives  a  number  of  very  convincing  photographs  of 
intense  atheroma  of  the  aorta  in  his  cretin  lambs 
in  which  the  thyroid  had  been  removed  in  early  life. 
In  the  second  place,  thyroid  extract  has  a  wonderful 
power  over  young  connective  tissue,  as  is  seen  by  tiie 
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way  in  wliicJi  it  absorbs  the  subcutancdus  thickening 
of  inyxtedtina  and  cretinism.  It  is  not  surprising, 
therefore,  that  it  should  be  able  to  (i.al  also  with 
gummata  and  atlicroma.  By  its  absorptive  <-fftct 
on  the  atheroma,  it  may  work  some  improvement  in 
aneurysm. 

I  have  found  thyroid  extract  quite  as  effectual  a- 
iodi<le  of  ])otassium  in  liealin;,'  tertiary  syphihti'- 
ulcers. 

EXOPHTHALMIC     GOITRE. 

The   arguments  in   favour   of   the   hypersecretion 
theor\-  of  tliis  disease  appear  to  almost  all  observers 
to    be    of    overwhelming    strength.      The    thyroid 
gland  is  enlarged,  vascular,  and  soft  in  most  cases  ; 
occasionally  it  is  norniid  in   size.      Microscopically, 
the  acini  are  dilated  and  irregular,  and  the  contents 
too  water>-.     These  are  just  the  changes  seen  in  the 
actively   secreting   fragment    left    after   a   sub-total 
thyroidectomy.      The    colloid    contains    too    much 
iodothjTin    as    compared    with    the    normal    gland. 
The  wasting,  restlessness,  and  quick  pulse  may  all 
be  reproduced  with  constancy  in   man  or  animals 
by  thyroid  feeding,  and  exophthalmos  has  also  been 
obtained  occasionally  in  both  man  and  the  monkey. 
The  underlying  cause  of  the  hypersecretion  is  still 
unknown.     A  few  cases  may  be  lighted  up  bv  fright 
or  by  iodoform  poisoning. 

Emotional  storms  sm  h  as  terror,  anger,  intense 
mental  conflict,  and  the  like,  undoubtedly  produce 
an  increased  outpouring  into  the  blood  both  of  ad- 
renalin and  of  the  uiternai  secretion  of  the  thyroid 
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Kl.ind,  ;ui(l  it  has  Ixcii  •^iif^/^'cstcd  that  somo  of  the 
(usi's  ftf  nervous  instabihty  and  ra])id  pulse  with 
some  (Hlatation  of  tlie  heart  oecurrinf:  in  soldiers 
after  very  anxious  exj)erien( cs,  prolonged  over  weeks 
or  months,  may  be  due  to  hy])erthyroidism  (Johnson). 
In  a  few  cases  a  transient  e\o])htlialmos  has  been 
ol-served. 

PRACTICAL  DEDUCTIONS. 
We  may  seek  here  to  summarize  the  conclusions, 
in  so  far  as  they  are  of  importance  to  the  clinician, 
that  the  New  Physiologv'  has  reached.  We  learn 
that  parenchymatous  goitre  is  a  hypertro[)hy  of 
the  thyroid  gland,  designed  to  enable  it  to  obtain 
sufficient  iodine  from  the  blood,  this  element  being 
an  essential  constituent  ol  its  internal  secretion. 
The  deficiencj'  in  iodine  is  in  some  complicated  way 
connected  with  the  drinking-water.  In  the  early 
stages,  iodides,  thyroid  feeding,  or  probably  iodo- 
form will  work  imi)  ovement,  and  the  water  should 
be  boiled,  or  the  supply  changed.  Should  operative 
measu.-es  be  adopted,  we  learn  that  the  whole  gland 
must  not  be  removed,  or  myxoedema  may  result, 
and  that  the  four  small  parathyroids  lying  behind 
it  must  also  be  respected,  or  the  patient  may  de\-eIop 
tetany.  In  some  cases  the  loss  of  the  parathyroids 
on  one  side  only  has  caused  this  unpleasant  sequel. 
An  attempt  should  therefore  be  made,  in  removing 
one  lobe  of  the  thjToid  for  goitre  or  adenomata,  to 
leave  these  little  glands  intact  and  in  situ,  and  to 
preserve  their  blood-supply.  They  will  not  be 
injured  if  the  posterior  part  of   the  capsule  of  the 

*!,,.. —  :,4   :  .  !„,-» 


J 


I'AUATHVIIOIF)    (JLANDS 


188 


I 


If  myxocdoina  or  tetany  do  follow  the  operation, 

they  may  be  remedied  by  thyrf)id  and  parathyroid 

feedinL,'  rcspectiycly.     There  is  some  evidence  that 

even  the  medical  varieties  of  tetany  are  due  to  loss  of 

the  intiTnal  secretion  of  the  parathyroids  ;   according 

to  Kocher,  this  has  been  proved  in  the  case  of  the 

tetany  of  pregnancy,   and  other  observations  have 

since   ben   made   in   which   the   {>arathyroifls   were 

iliseased    when    tetany    was    present.     Parathyroid 

feeding  should  therefore  be  worth  a  trial   in  such 

cases    also.     .Macallum*    recommends    the    adminis- 

cration  of  calcium  salts,  or  milk,  which  is  rich  in 

calcium  salts.     He  has  shown  e.vperimentally,   and 

Edmundsf  has  conlirmed  the  statement,  that  these 

salts   will   cure   tetany.      Thyroid   and   parathyroid 

grafting   have   both    been   undertaken   in    man    for 

cretinism  and  tetany  respectively,  with  the  idea  of 

relieving  tae  patient   from  the  necessity  of  taking 

drugs   all   his   days.      In   a   few   cases   success   has 

resulted,     but     unfortunately     th^     graft     becomes 

absorbed    as   a   general    rule,    and    soon    ceases   to 

function. 

In  a  case  recently  described  by  Brown,  of 
Melbourne,  parathyroid  feeding  and  calcium  salts 
both  failed  to  reheve  tetany  in  a  patient  who  had 
been  treated  by  a  too  extensive  thyroidectomy  for 
Graves'  disease.  The  in-grafting  of  parathyroid 
tissue  from  dogs  and  monkeys  gave  pronounced  relief 
for  about  tweb.e  Jays,  but  she  relapsed  after  each 


*  journulof  Expenntottul  Med.,  .\eu   Vurk,  1900.  vol 
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operation.  Human  paratJiyroid  was  then  grafted, 
and  the  cure  seemed  to  be  permanent.  I  ha\e  seen 
a  case  apparently  cured  !>y  the  grafting  of  human 
parathyroid. 

We  see  also  that  exophthalmic  goitre  is  due  to 
hypersecretion,  as  is  proved  by  the  artificial  imita- 
tion of  the  disease  by  excessive  thyroid  fecdin,!-.  by 
the  excess  of  iodine  present  in  the  colloid  in  Graves' 
disease,    and    by    the   character   of   the    histological 
changes.     Thus  we  hive  reason  to  expect  good  from 
partial  removal,  which  has  been  very  successful  in 
the  hands  of  Kocher.  the  Mayos,  and  others.     More 
than  half  the  gland  needs  to  be  excised.     It  would 
be  reasonable  also  to  try  the  effect  of  iodine  starva- 
tion,  by  eliminating   vegetables  and  ordinary  tap- 
water   fron    the   dietary,   and   substituting   for   the 
latter  the  water  of  a  goitre  well.     It  is  well  known 
that  exophthalmic  goitre  and  parenchymatous  goitre 
show  a  sort   v)f  geographical   antagonism,    and   the 
effect  of  tho  >vater  in  reducing  the  amount  of  iodine 
available  for  conversion  into   iodothyrin   would  be 
valuable. 

Further,  we  are  helped  to  understand  and  to 
recognize  cases  of  iodoform  poisoning,  and  to  learn 
caution  in  the  use  of  this  drug  on  absorbing 
surfaces.  It  is  safer  in  children  than  in  adults 
possibly  because  the  thyroid  in  children  contains 
less  lodme.  It  ought  not  to  be  used  in  patients 
who  have  ever  shown  a  tendencv  to  th>Toidism, 
lest  acute  poisoning  or  an  attack  of  Cir-.ves'  disease 
be  precipitated. 

Finally,  we  obtain  a  clue  at  last  to  the  re-narkable 
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action  of  iodides  in  arteriosclerosis  and  gummata, 
and  it  is  reasonable  to  hope  that  organic  compounds 
of  iodine,  which  cause  acute  thyroidism  more  readily 
than  the  alkaline  salts,  may  be  yet  more  effectual 
in  stimulating  the  activity  of  the  thyroid  gland.  In 
fact,  thyroid  extract  itself  mav  prove  to  be  the 
best  remedv  of  all. 


Parathyroid     Glands. 
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CHAPTER    IX. 
THE  PITUITARY  AND   PINEAL  GLANDS- 

.TRLTTURi:  OK  THE  PITUITARY -THE  I-FFF.CTS  OF  KEMOVAt. 
IN-  ANIMALS  INJECTION-  OF  EXTRACTS  -  I'lTl'ITAKY  FEED- 
ING -ACROMEGALY  AND  GIGA^'TISM  FRoHLHu's  TYPE  - 
FU\CTION-S  OF  THE  PITUITARY  GLAND  -THERAPEUTIC 
VALUE    OF    PITUITARY     EXTRACT  -  THE    PINEAL    <;LAND. 

THE  ]>ituitary  «land  consists  of  three  portions, 
the  pars  antcriot',  which  is  epitheUal  in  structure, 
ihe  pars  intermedia,  also  consistint;  of  epitheUum 
and  varyini,'  much  in  different  animals,  and  the  /)rt>-s 
nervosa,  made  up  of  neuroi,dia  cells  and  hbres. 

The  pars  anterior  is  glandular,  consisting  of 
columns  of  epithelial  cells  which  in  yount;  animals 
may  line  tubules  ;  later  the  lumen  disappears.  It 
shows  three  different  tx^es  of  cells,  with  eosinophiU;. 
basophile,  or  chromophobe  protoplasm,  whereof  the 
last  are  ordinarily  few  and  inconspicuous,  and  do 
not  take  die  stains.  There  may  abo  be  masses  of 
basophile  colloid  between  the  cells,  especially  near 
the  pars  mtcrwcdia.  .\ccordin,;;  to  Blair  Bell,  the 
eosinophile  cells  are  ihe  normal  active  secretory 
cells,  the  basophile  form  a  storage  secretion,  the 
-mall  chromophobes  are  exhausted  cells,  and  the 
large  chromophobes,  which  are  abundant  in  preg- 
nancy and  may  take  the  eosin  stain  faintly.  ar.> 
only  met  with  when  there  is  an  excessive  demand  for 
pituitary  secretion. 
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The  pars  intermedia  x.  poorly  doveloped  in  man 
extensive  ui  the  dog  and  cat.     It  consists  of  epithehal 
cells,  faintly  basophile.  with  a  good  deal  of  colloid, 
which  mav  be  cosinophile  or  ba^opbll(^ 

There  is  often  a  cleft  separating  the  pars  anUrior 
and  the  pars  nervosa.  The  whole  gland,  and  especi- 
ally the  epithelial  parts,  is  very  vascular.  In  the 
rat  the  pars  nervosa  has  a  central  cavity  opening 
into  the  third  ventricle.  . 

The  pars  interior  and  pars  intermedia  are  derived 
from  a  pit  in  the  dorsal  wall  of  the  phar^nix  ;  the 
pars  nervosa  is  budded  out  from  the  brain,  and  the 

stalk  persist-.  , 

\11  the  ductless  glands  are  studied  by  four  methods. 
We  have  to  tind  the  effects,  firstly,  of  removal  in 
animals  ;  and  secondly,  of  the  injection  or  ingestion 
of  extracts.  We  have,  thirdly,  to  make  chemical 
analyses  of  the  extracts,  to  isolate  any  active  pnnciple. 
Finally  a  clinical  study  of  symptoms  in  man  associ- 
ated with  any  abnormalities  of  the  gland  may  be 
expected  to  throw  a  light  on  the  problem,  and  the 
effect  of  treating  these  conditions  will  also  need  to 

be  known.  .  . 

These  are  here  set  forth  in  the  rational,  not  in 
the  historical,  order.  It  may  be  said  at  once  that 
the  active  principle  or  principles  have  not  yet  been 
isolated. 

THE    EFFECTS    OF    REMOV,.L    OF    THE 
PITUITARY    GLAND    IN     ANIMALS 
It  is  sc  difficult  to  remove  the  organ  from  its  well- 
concealed    nest    that    the   earlier    published   results 
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inspired  no  contiik-nce.  It  was  said  that  the  animals 
died,  but  the  injury  to  vital  structures  was  necessarily 
great,  and  it  has  been  remarked  that  the  result 
would  jiKjbably  have  been  ecjually  latal  if  the 
operator  had  removed  the  dorsum  selhe  instead  of  the 
!,dand  !  But  the  careful  and  repeated  observations 
ot  Paulesco  on  twenty-two  animals,  and  of  Gushing 
and  his  co-workers  on  about  two  hundred  dogs, 
have  completely  established  c(Mitiden<c  in  tiic  state- 
ments now  before  us. 

It  is  proved  that  removal  of  the  anterior  lobe  alone, 
in  dogs,  produces  just  as  much  effect  as  removal  of 
the  whole  gland,  but  that  a  removal  limited  to  the 
posterior  lobe  causes  no  symptoms  at  all. 

The  animal,  after  a  total  removal,  shows  no 
deviation  from  the  normal  for  a  period  varying  from 
thirty-six  hours  to  two  weeks  after  the  operation. 
Then  it  becomes  unsteady,  there  is  arching  of 
the  back,  low  temperature,  shivering,  and  death 
in  unconsciousness.  Achsner,  Handelsmann  and 
Horsley.  Morawski  and  others,  find  that  death  is 
by  no  means  inevitable  after  enucleation  either  of 
the  anterior  lobe  or  the  whole  gland,  and  if  wr 
could  be  sure  tliat  they  had  not  left  i>art  of  the 
organ  behind,  the  positive  evidence  of  survivals 
must  outweigh  statements  to  the  contrary.  The 
carefully  described  experiments  (jf  Blair  Bell  confirm 
Cushing's  ob--rvations  that  removal  of  the  whole 
gland  or  para  anterior  is  fatal,  and  removal  of  the 
pars  ncrvosix  innocuous. 

Gushing  has  found  it  possible  to  effect  partial 
removals  ol  the  gland.     In  young  animals,  the  result 
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is  that   an  '  infantile  '   type  is  maintained,  and  the 
secondarv    sexual    characters    do    not    ilevelop.     In 
older  animals,  the  genitals  atrophy,  and  they  get  very 
fat.     He  gives  very  convincing  photographs  showmg 
that   these   changes   are   (piite    marked,     lihiir   Bell 
found  very   little  change  except   dro\\>ines^   and   a 
variable   degree   of   atrophy   of   the   female   genital 
organs  after  partial  removals  ^^  the  pars  anterior, 
but  in  two  cases  he  obtained       .posity  and  genital 
atrophy  in  marked  degree  by  compression  or  separa- 
tion of  the  stalk.     One  of  his  specimens  is  in   the 
Museum  of  the  Royal  College  of  Surgeons.     Probably 
the  effect  is  due  to  interference  with  the  blood-supply 

of  the  whole  gland. 

Another  consequence  is  a  remarkable  mfluence 
upon  the  m<  tabohsm  of  sugar.  It  is  well  known  that 
removal  o*  che  pancreas  causes  glycosuria.  Partial 
removal  of  the  pituitar\-.  on  the  other  hand,  causes  an 
increased  power  of  warehousmg  sugar  in  the  body. 
In  man,  if  more  than  150  grms.  of  glucose  ^are 
taken  at  a  dose,  some  will  overflow  in  the  urine.  If 
the  action  of  the  pituitary  was  subnormal,  judging 
by  the  results  o!  animal  experiments  and  a  few 
observations  on  man.  even  a  larger  dose  than  tlus 
would  not  cause  glycosuria. 

Stimulation  of  the  superior  cervical  sympathetic 
ganglion  causes  glycosuria  in  the  rabbit,  cat,  or  dog. 
This  occurs  if  all  down-running  nerves,  such  as  the 
vagi,  arc  blocked,  but  is  abolished  by  previous 
removal  of  the  posterior  lobe  of  th--  pituitary.  These 
experiments  (Weed,  Gushing,  and  Jacobson)  support 
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secretion  that  turns  gIycof,'cn  into  trlucose,  and  that 
this  internal  secretion  is  controlled  by  the  sympa- 
thetic nervous  system. 

There  is  some  obscure  cinnection,  not  only 
between  disease  or  removal  of  the  pituitary  and 
the  genital  i,'lands,  but  also  between  the  pituitaiy 
and  the  thyroid.  Thyroidectomy  leads  to  all  the 
sii;ns  of  excessive  actix'ity  in  the  pituitary. 
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INJECTION  OF  EXTRACTS  OF  PITUITARY  GLAND. 
PITUITARY    FEEDING. 

Injection  of  extracts  of  the  anterior  lobe  causes 
no  evident  results.  Injection  of  extracts  of  the 
jwsterior  or  nervous  lobe  causes  quite  constantly  a 
prolonged  rise  of  blood-pressure.  Not  only  the  blood- 
vessels, but  all  varieties  of  unstriped  muscle,  are 
stimulated  to  contract.  Peristaltic  movements  are 
set  up  in  the  bowel,  and  the  bladder  and  uterus, 
whether  pregnant  or  not,  also  contract. 

I'rolonged  pituitary  feeding  in  animals  leads  to 
great  emaciation.  It  was  originally  stated  by 
Schiifer  that  young  rats  showed  an  exaggeration  of 
growth  when  fed  with  this  gland,  but  repetition  of 
the  experiment  by  himself  and  others  does  not  con- 
firm this. 

Pituitary  extract  also  stimulates  the  flow  of  milk 
in  animals,  but  it  is  not  yet  proven  th^t  it  does  so 
in  the  human  subject.  It  appears  piob  ble  that  the 
effect  is  merely  due  to  contraction  of  the  unstriped 
muscle  in  the  nipple  ducts  squeezing  out  secretion. 

l^xtrnrt  of  the  bars  nervosa  is  also  a  Dowerful 
diuretic. 
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CLINICAL     RESULTS     OF    LESIONS    OF    THE 

PITUITARY     GLAND. 
It  is  well  known  that  the  SDinewhat  r.irc  diseases 
acromegaly    and    gigantism    are    generally    but    not 
quite    invariably    associated    with    enlargement    ot 
the  jiituitary  gland,  which  has  usually  been  a  sim}>le 
ovirgrowth,  although  lat«  r  adenoma  or  fibrosis  may 
have  developed.     Whether  acromegaly  or  gigantism 
will  result  appears  to  be  i)rincipally  a  question  of 
the  age   at   which   symptoms  commence.      If  they 
have  their  onset  before  growth  ceases,  gigantism  will 
result.     The  skulls  of  most  of  the  classical  cases  of 
gigantism,     including     Patrick     O'Byrne,     Hunter's 
famous  giant,  and  Patrick  Cotter,  the  Bristol  giant, 
have  enormous  sellae  turcicie  to  accommodate  the 
enlarged  i)ituitary  gland.     It  is  probable  that  giants 
usually  suffer  from  acromegaly  as  well.    There  are  two 
authentic  casts  preser\'ed  in  Bristol  of  Patrick  Cotter's 
hand,  one  of  which  is  much  larger  than  the  other ; 
indeed,  it  is  colossal,  measuring  12  inches  from  wri.-.t 
to  finger-tips,  whereas  the  earlier  cast  measures  only 
II  inches.     H'^  shoes,  which  are  also  preserved,  aie 
15  inches  long.     It  is  therefore  clear  that  although 
he  was  7  ft.  10  in.  high,  his  hands  and  feet  were  large 
out  of  all   proportion,   and  that   the  hand  rapidly 
increased  in  size  between    the   taking   of    the   first 
and  second  casts.     The  lower   jaw  was   enormous, 
and   out   of   all  relation  to  '.he  rest  of  the  skull.* 
Gushing  gives  some  striking  photographs  of  a  living 


^ 


J 


♦  E.   Fawccti,   Jour.   Royul  An: 
\x\ix,  p.  19b. 


'.ui-;;a*    1  -;;::;  t»-f  . 


yii;v-.-'-3i;i'vf^i'5:- 


'm 


192 


TUK    riTL'ITARV     AND 


;;iant,   8   ft.   j  in.   lii^'Ii,    sliowint^    tnorniou^    liand^ 
and   feet. 

Associated  with  the  enlarged  bones  of  the  face, 
hands,  and  feet  seen  in  acromegaly,  there  arc  in  some 
cases  other  features  ;  these  are  glycosuria,  amenor- 
rhcea,  impotence,  and,  in  the  young,  failure  of  the 
secondary  sexual  characters.  The  temperature  is 
subnormal.  This  train  of  symptoms  will  recall  the 
cifects  of  total  or  partial  removal  of  the  gland  in 
animals 

Not  only  the  bones,  but  also  the  viscera,  may  be 
increased  in  size  in  acromegaly  :  the  kidneys,  liver, 
pancreas,  and  even  the  auriculo-ventricular  bundle  of 
the  heart. 

Frohlich  and  others  have  shown  that  there  is 
another  group  of  cases,  totally  distinct  from  acro- 
megaly, but  again  associated  wi*h  tumours  of  the 
pituitary  gland.  These  are  characterized  by  excessive 
fatness,  by  infantile  stature  and  development,  by  a 
childish  type  of  the  genital  organs,  and  by  absence 
of  the  secondary  sexual  characters.  It  may  be  that 
we  shall  yet  fmd  abnonnalities  of  the  pituitary  gland 
in  other  varieties  of  infantilism  or  of  adiposity. 

Most  cases  of  pituitary  tumour  which  have  been 
diagnosed  during  life  have  given  additional  evidence 
of  their  presence  by  involving  the  optic  cliiasma  ano 
causing;  blindness  of  the  nasal  half  of  each  ri^tina. 
The  skiagram  shows  enlargement  of  the  >ella  turcica. 
In  many  cases  there  an'  l;eadache,  vomitin;;,  and 
other  sigi.s  of  intracranial  pressure. 

We  must  now  attempt  to  classif\-  our  information, 
and  endeavour  to  come  to  some  clear  conception  ot 
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the  functions  of  the  pituitary  i^'land,  and  the  causa- 
tion of  these  various  types  of  disease. 

A  year  or  two  ago  it  was  the  prevalent  opinion 
that  the  anterior  and  posterior  lobes  must  be  con- 
sidered to  be  entirely  unronwected  glands,  having  a 
different  development,  histology,  and  function.  The 
posterior  lobe  was  connected  wnth  the  production  of 
an  internal  secretion,  probably  in  the  colloid  fur- 
nished by  the  pars  intermedia,  which  was  poured 
into  the  ventricular  system  of  the  brain,  and  extracts 
of  this  lobe  raised  the  blood-pressure.  There  is  some 
evidence  that  in  acromegaly  the  anterior  lobe  is 
specially  at  fault  ;  it  may  be  disproportionately 
enlarged,  and  may  show  a  superabundance  of  secre- 
tion granules. 

Now,  however,  there  is  a  tendency  to  unify  the 
fuuctions  of  the  hypophysis  and  to  regard  it  as  one 
gland,  although  the  distribution  of  the  colloid  is 
unequal  in  "the  various  parts. 

Whether  the  gland  is  necessary  to  life  is  unsettled. 

The  diseases  fall  into  two  groups  :  those  in  which 
the  int  -rnal  secretion  is  excessive  (hyperpituitisni), 
and  those  in  which  it  is  diminished  or  absent  (hypo- 
pituitism). 

Hyperpituitism  is  characterized  by  signs  of  acrome- 
galy in  adults,  or  gigantism  if  it  begins  before  growth 
has  ceased.  The  gland  is  usually  enlarged,  showing 
microscopically  a  simple  overgrowth.  There  may 
be  glycosuria.  The  cases  run  a  chronic  course  for 
years    unless    symptoms    of    cerebral    compression 

Hypoj)ituitism  produces  the   Frohlich  t\-pe.  with 

1:3 


A 


191 


TIIK     IMTnTAHV     AM) 


•itrophy  of  the  ^:nital>,  infantilism,  and  t'xccssivo 
fatness,  ri.erc  is  often  a  drowsy  mental  state  ; 
indeed,  one  is  tempted  to  believe  that  that  very 
accurate  observer,  Charles  Dickens,  must  have  had 
such  a  case  in  minil  when  he  invented  the  immor- 
tal Fat  i^oy  in  Pickwick.  All  these  symptoms  can 
be  mimicketl  by  partial  excisions  of  the  pituitary 
gland  in  animals.  Cushin,!,''s  results  as  to  which  lobe 
is  at  fault  are  discordant.  Probably,  as  lilair  Bell 
suggests,  it  is  the  whole  gland  that  is  at  fault. 

It  is  true  that  cases  of  acromegaly  may  eventually 
develop  impotence,  sterility,  and  amenorrhcea  ;  this 
is  explained  as  hypopituiti>m  succeeding  an  excess. 
The  same  sequence  is  seen  in  diseases  of  the  thyroid 
gland. 

A  very  valuable  measure  of  the  function  of  the 
pituitary  gland  may  be  obtainetl  by  observations  on 
the  power  of  warehousing  sugar.  If  the  internal 
secretion  is  deficient,  huge  quantities  of  glucose  will 
not  cause  glycosuria.  This  is  the  cause  of  the  adipo- 
sity. Hypopituitism  is  usually  due  to  malignant 
growths  encroaching  on  the  gland,  and  is  frequently 
followed  by  death. 

We  are  now  in  possession  of  some  indications  for 
treatment.  I-'or  acromegaly  and  gigantism  little 
can  be  done.  Pituitary  feeding  does  more  harm 
than  good.  If  there  are  symptoms  of  cerebral 
compression  or  gradually  increasing  blindness  from 
involvement  of  the  optic  rhiasma,  an  operation 
rr  y  be  performed  to  relieve  pressure  and  remove 
part  of  the  gland.  Scores  of  cases  have  now  been 
treated  in   this  way  (Cu-hing   reports  43  operated 
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observers  record  a  definite  shrinkage  of  the   hones 
afterwards, 

THE    USES    OF    PITUITARY     EXTRACT. 
Patients  suffering  from  the  FrohHcli  tvpe  may  be 
treated   by   pituitary   feeding,   the   whole   gland   of 
cattle  bemg  used.     The  dose  is  about  12  grains  a  day. 
but  Gushing  sometimes  uses  as  much  as  100  grains 
three  times  daily.     This  may  be  worked  out  by  its 
influence     on     the     sugar     tolerance.      Remarkable 
results  have  been  obtained  in  a  few  cases.     If  mouth- 
feeding    is    not    successful,    a   dose   of   whole-gland 
e.xtract  may  be  given  hypodermically  every  twenty- 
four  hours  ;    this  has  proved  very  effectual  some- 
times.    If  there  are  signs  of  intracranial  pressure  a 
decompression  operation  is  indicated. 

The  hope  that  pituitary  feeding  would  prove  to  be 
a  remedy  for  increasing  the  stature  of  small  children 
IS  not  likely  to  be  realized  in  view  of  the  fact  that 
Schafer  has  failed  to  verify  his  earlier  observations 
on  young  rats. 

Feeding  with  the  whole  gland  is  also  advised  for 
certain  cases  of  amenorrhoea  attributed  to  hypo- 
pituitism.  Unfortunately  it  is  apt  to  cause  severe 
headache. 

On  the  other  hand,  there  is  said  to  be  a  type  of 
headache  which  is  (iue  to  disorders  of  the  pituitary 
and  IS  often  cured  by  administering  the  whole  gland. 
This  headache  is  frontal,  deep  behind  the  eyes, 
gives  nse  to  great  prostration,  and  there  may  ho 
vomiting.  It  is  coiuinoner  in  women  than  men, 
and    may   coincide    with    menstruation.     The    pain 
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lasts  half  an  hour  to  two  clays.  There  may  be  a 
traviiif,'  for  sweets.  There  may  be  coarse  hair  with 
niiilr  (li-tribntion  m  \hr  fnirile  (I'anlei-). 

Pituitary  extract,  containinf^  the  principle  found 
in  the  posterioi  lobe  which  acts  on  unstriped  muscle, 
is  now  an  ordinary  article  of  commerce  for  many 
therapeutic  purposes.  It  i.->  a  favourite  remedy  for 
suri,'ical  and  to.\;emic  shock,  and  many  observers  are 
convinced  that  it  does  good  by  raising  the  blood- 
])re^sure.  I'or  reasons  discussed  in  the  chapter  on 
sun^i(  al  shock,  1  am  not  sure  that  pituitary  e.xtract 
is  really  of  any  value  in  this  condition.  A  very 
valuable  effect  is  that  it  promotes  peristalsis  even 
whi'u  purgatives  fail  or  are  vomited,  as  in  cases  of 
intestiuid  paralysis  after  abdominal  operations.  A 
third  indication  is  to  increase  labour  pains ;  some- 
times in  cases  of  weak  pains  the  child  is  e.xpelled 
very  rapidly  after  an  injection.  It  must  not  be  used 
in  obstnicted  labour,  or  the  uterus  may  rupture. 
It  is  also  given — is  invaluable  according  to  some — 
in  daily  intramuscular  doses  for  menorrhagia  of 
l)uberty  or  the  menopause.  It  is  a  powerful  diuretic. 
As  a  galactagogue  its  success  so  far  has  been  doubtful. 

Pituitary  extract  must  not  be  given  frequently  at 
short  intervals,  or  its  effect  may  be  reversed. 

The  dned  extract  of  posterior  lobe  may  be  given 
orally  in  5-grain  doses,  combined  with  calcium 
lactate,  ior  menopausal  flushings,  and  with  great 
benefit  (Blair  Bell). 

The  dose  of  the  20  per  cent  extract  used  for 
intramuscular  injection  is  i  to  2  c.c.  for  fhock  or 
intestinal  paralysis,  and  0"5  c.c.  for  uterine  inertia. 
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THE     PINEAL     GLAND. 

It  lias  been  customary  to  look  n{)()tj  the  pineal 
t;Ian(l  as  a  (li-volopmcntal  relic.  The  functi')nl<'S-- 
tinpaircd  eye  of  Hattoria.  which  apjK-ars  to  have  b.cii 
present,  possibly  in  functional  form,  in  some  fo^^il 
i.-ptiles,  is  supposed  to  be  the  substance  of  wliich  the 
pineal  ^land  is  the  ustjless  shadow.  It  would  be 
truly  extraordinary  if  we  had  to  believe  that  a  super- 
tluous  relic  had  been  handed  down  from  the  beginning 
of  the  Triassic  period,  throughout  the  whole  family 
of  the  Mammalia,  and  still  persisted  in  man. 

Some  evidence  has  lately  come  to  light  which 
would  lead  us  to  add  the  pineal  to  the  list  of  glands 
with  an  internal  st>cretion.  It  is  true  that  excision, 
feeding,  and  injection  of  extracts  throw  no  light  on 
the  problem  ;  but  histology  shows  that  it  contains 
in  children  glandular  cells,  which  more  or  less  atrophy 
in  adults.  Tumour  of  the  pineal  gland,  in  about  a 
dozen  recorded  cases,  has  been  associated  with  a 
remarkable  precocity,  including  incr(!ased  stature, 
premature  development  of  the  genital  organs,  growth 
of  hair,  and,  in  a  few  instances,  an  extraordinary 
mental  vigour.  One  boy.  at  the  age  of  tive,  dis- 
coursed learnedly  concerning  the  immortality  of  the 
soul  ! 
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CHAPTER    X. 
OXALURIA. 

IT  lias  1  een  found  very-  difficult  to  obtain  reliable- 
estimates  of  oxalates  in  the  urine.  The  method 
commonly  employed,  mtroduced  by  Dunlop,  is  open 
to  serious  objections  from  the  chemical  standpoint. 
Working  with  O.  C.  M.  Davis,  the  writer  ha:>  used  a 
new  and,  theoretically,  more  reliable  method,  but 
it  is  not  claimed  that  the  results  are  more  than 
appioximate.  There  is  still,  therefore,  some  differ- 
ence of  opinion  as  to  the  metabolism  of  the  oxalates, 
but  tile  following  conclusions  are  becoming  generally 
accepted. 

In  ordinary  circumstances,  the  whole  of  the  oxalate 
in  the  urine  is  derived  from  articles  of  food.  Milk, 
meat,  and  bread  contain  scarcely  any  oxalate  ;  most 
vegetables  contain  it,  and  rhubarb,  strawberries, 
and  sorrel  contain  a  relatively  large  (luantity.  I 
have  by  t.  king  much  rhubarb  induced  an  attack 
of  oxaluria  sufficiently  marked  to  cause  a  good  deal 
of  smarting  pain  in  ilie  urethra  from  the  sharpness 
of  the  oxalate  crystals.  On  a  milk  diet,  oxalates 
disappear  from  the  urine.  This  may  be  demonstrated 
by  adding  methylated  spirit  and  allowing  to  stand, 
when  any  oxalate  present  in  solution  is  })recipitated 
in  characteristic  octaliedra.  On  a  milk  diet,  no  such 
crystals  will  be  obtained. 
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None  of  tlic  ordinary  dt'rangeineiits  of  metabolism 
causes  the  ap})earance  of  oxalates  in  the  urine  if 
they  are  withheld  from  the  food.  Thus  there  is  no 
oxaluria  in  fever,  in  loukctmia  (illustrating  the 
katabolism  of  nucleoproteins),  or  in  diabete.  In  a 
case  of  oxalic  acid  poisoning  under  my  care,  the 
excretion  was  enormtus,  and  there  was  a  heavy 
deposit  of  calcium  oxalate  crystals. 

It  is  not,  however,  correct  to  say  that  oxaluria 
never  occurs  on  ar*  oxalate-free  diet,  though  such  a 
condition  is  rare.  As  is  well  known,  the  usual 
products  of  bacterial  fermentation  of  carbohj'drates 
in  tlie  bowel  are  various  gases  (CH,,  CO,),  lactic, 
acetir,  and  butyric  acids,  and  alcohol.  Miss  Helen 
Baldwin  has  pointed  out  that  in  certam  abnormal 
circumstances  oxalic  acid  also  may  be  formed  in  this 
way.  Copious  fei'ding  on  sugar  will  ruin  a  dog'5 
liigestion,  and  tiien  oxalates  may  appear  in  the  urine 
even  on  an  oxalate-free  tliet.  Occasionally  she  has 
met  with  such  cases  in  man.  I  have  not  clianced  to 
observe  such  a  case  personally,  and  believe  that  they 
are  not  common. 

Fermentation  of  carbohydrates  in  the  stomach  and 
intestines  to  an  excessive  degree  is  common  enough, 
but  it  is  only  rarely  that  there  is  any  formation  of 
oxalates.  I  have  never  been  able  t;  obtain  the 
crystals  either  from  the  gastric  contents  or  from  tlie 
urine  of  patients  with  obstruction  of  the  jn'lorus 
and  gastric  dilatation,  on  an  oxalate-free  diet. 

When  ammoniacal  fermentatic^n  of  urine  takes 
place,  as  ou  standing,  any  oxalate  crystals  present 
are  rapidly  dissolved  and  disappear. 
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The  oxalate  calculus  is  by  far  the  most  important 
variety    occurring    in    the    kidney.     B.    Moore    ha; 
shown  that  a  pure  uric  acid  stone  is  found  only  in  the 
bladder,  and  that  all  renal  calculi  are  composed  for 
the  mt.st  part  ot  calcium  oxalate.     This  is  fortunate 
for  the  .v-ray  diagnosis,  of  the  condition,  and  as  it  is 
comparatively  easy  to  control  the  oxalate  excretion, 
it  makes  it  possible  for  us  to  advise  the  patient  how 
to   avoid  a  relapse  after  oi)eration.     To  draw  the 
l>ractical  lessons  from  our  study,  it  is  evident  that 
any  patient   suffering  from  oxaluria   should   abjure 
the  use   of  green   vegetables,   and   fruits  should  be 
taken  sparingly.     If  he  is  obeying  directions,  a  fresh 
sjjccimen  of  his  urine,  mixc  i  with  an  equal  am   ant 
of  spirit  and  allowed  to  stand,  will  deposit  only  a 
few  small  crj-stals  of  oxalate,  and  a  specimen  without 
the  addition  of  spirit  will  show  no  crystals  even  on 
centrifugalizing.      Occasionally,    however,    one   may 
find  a  case  in  v^-hich  oxaluria  persists  even  on  a  milk 
diet.     We  must  then  restrict  the  sugars  and  starches 
of  the  diet,  and  give  remedies  calculated  to  diminish 
fermentation  in  the  stomach  and  intestines. 

If  patients  object  to  dietetic  restrictions,  jjotassium 
citrate  will  often  relieve,  both  by  acting  as  a  diuretic, 
and  by  making  the  urine  alkaline,  th.us  dissolving 
the  crystals. 
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CHAPTER    XL 

IMMEDIATE    AND    REMOTE    POISONING 
BY     CHLOROFORM. 

SUDDEN  DEATH  IN'nER  CHLOROFORM  -THC  lATAI.  AUUIiN  AI.IN- 
CHLOROFORM  COMIUNATION  -  DELAYED  CMLOKUFOk.M 
POLSOMNf-., 

PNTHUSIASTIC  advocates  of  chloroform  as  the 
IZ/  ideal  anaesthetic  (usually  hailing  from  the 
north)  used  to  say,  "  Cl'oroform  kills  your  patient 
to-day,  and  ether  kL.  him  to-morrow".  They 
referred  of  course  to  the  pulmonary  comf:)lications 
which  used  to  follow  the  use  of  the  latter  drug  in  the 
days  when  it  was  given  by  a  Clover's  inhaler  through- 
<iut  the  operation,  instead  of  by  the  open  method. 
We  are  now  finding  out  that  chloroform  too  mav  not 
claim  its  victims  until  to-morrow. 

Chloroform  may  cause  a  fatality  in  three  distinct 
ways  :  first,  by  sudden  arrest  of  the  heart  ;  secondly, 
by  poisoning  the  heart  and  vital  centres  in  the 
medulla  of  the  brain  ;  and  thirdly,  by  inducing  acute 
latty  degeneration  of  the  viscera,  and  acidosis.  We 
^Iiall  here  only  consider  the  first  and  third. 

SUDDEN  ARREST  OF  THE  HEART. 

Some   of   the   most   tragic   calamities   of   surgical 

practice  are  due  to  sudden  death  from  chloroform, 

..nd  few  and  happy  are  the  surgeons  who  have  never 

seen  it.     Here  we  must  plac     those  cases  where  the 
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I>atient  is  far  from  under,  f)crhaps  struggling  and 
shouting,  and  tlien  without  warning  draws  a  few 
deej)  breatlis  and  dies.  Here  also,  those  who  seem 
to  be  under,  but  whose  heart  and  respiration  cease  on 
being  lifted  into  position  for  the  surgeon.  Here. 
again,  those  who  have  been  given  a  mere  whiff  of 
the  anaesthetic  for  a  trifling  operation,  and  whose  hfe 
ebbs  away  at  the  bare  touch  of  the  knife. 

Until  recently,  it  was  supposed  that  these  fatalities 
were  due  to  sudden  reflex  stoppage  of  the  heart  by 
way  of  the  vagus,  and  that  view  was  given  in  the 
first  and  second  editions   of  this    book.     Very  im- 
portant research  work  by  Goodman   Levy   appears 
to   demonstrate   that    the   chloroform   acts  directly 
on  the  ventricular  muscle,  and   causes  it  to  fibril- 
late,    that    is,     to     enter    into    flickering    irregular 
contraction    of    individual    hbres,    instead    of    per- 
forming  its  proper   rhythmical    systoles.     Working 
with   cats.    Levy   was    able    repeatedly   to    observe 
fatal    ventricular    fibrillation,    usually    heralded   by 
cardiac   irregularity,  and   always  when   the  chloro- 
form an.xsthesia  was  light,  not  deep.     Stimulation 
of  sensory  nerves  under  a  light  anaesthesia  frequently 
caused  death  in  this  way  ;   in  other  cases,  the  animal 
recovered.     The  effect   was  just   the   same  if  both 
vagi  were  previously  cut.     Levy  found  great  difTi- 
culty   in   discovering   exactly   by   what    means   the 
sensjry  stimulus  affected  the  heart.     The  connection 
is  probably  complex.     If  the  chloroform  is  given  in  a 
perfectly  continuous  manner  without  intermission^, 
sudden  death  -in  cats  at  any  rate-can  be  avoided.' 
Strugglmg,  both  in  man  and  animals,  is  dangerous. 
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An  apology  must  be  made  for  saying  again  what  wo 
all  know,  yet  never  can  know  too  well.  It  is  courting 
disaster  to  hurry  the  patient  under.  Wo  must  feel 
the  pulse  all  the  time,  as  well  as  watch  the  pupil  and 
the  respirations.  '  Whiffs  '  are  far  more  dangerous 
than  projxT  anesthesia.  No  lifting,  or  cutting,  or 
painful  pressure  is  permissible  until  the  patient  is 
proj:>erIy  unrler.  There  is  no  danger  of  an  <  \-erdose 
during  quiet  breathing  if  the  mask  is  kept  half  an 
inch  away  from  the  face.  H  Lew's  results  are  to  be 
accepted,  the  mask  must  nut  be  entirely  withdrawn 
if  struggling  occurs,  but  every  effort  made  to  keep 
the  administration  constant. 

What  is  to  be  done  if  the  calamity  is  not  success- 
fully a^'f^r-ed,  and  the  heart  and  breathing  cease  ? 
The  br  idvise  a  dozen  expedients.  A  moment's 
conside-adon  of  physiological  principles  will  lead  us 
to  put  most  of  them  aside.  How  can  amyl  nitrite, 
which  is  simply  a  vasodilator,  possibly  help  a  heart 
that  is  librillating  ?  Strychnine  and  brandy  are 
perfectly  futile.  It  is  no  use  giving  gxj^gen  to  a 
jiatient  who  is  not  breathing.  '  Galvanization  of  the 
])hrenics  '  is  equally  likely  to  galvanize  the  vagus. 

There  arc  just  four  measures  which  matter.  The 
first  is  to  have  the  head  low,  so  as  to  keep  the  vital 
centres  alive.  The  second  is,  of  course,  artificial 
respiration,  which  fills  the  auricles  with  blood  as 
well  as  the  lungs  with  air,  averts  death  from  asphyxia, 
and  so  gives  the  heart  time  to  recover  if  it  can. 
The  ihird  is  to  stimulate  the  heart  to  contract  again 
by  manual  compression,  if  possible  through  the 
diaphragm.     The  four!/!  is  to  .administer  .ts  n\ 
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a.  possib  e  atropine,  which  must  be  injected  riqht 
into  the  heart  by  a  long  hypodermic  needle  *     Its 
value    m     overcoming    chloroform    ir.hibition     has 
been   aoundantly  proved   by  Dixon   and  others  in 
^logs.  and  though  its  use  in  such  cases  in  man  is 
but    recent,    successes   are   already   recorded.     That 
there  have  been  failures  is  admitted,   but  there  is 
good  reason  to  hope  for  recovery  with  immediate 
injection  into  the  lieart  itsel:      The  mo.t  dramatic- 
recovery-      ever  witnessed,  in  a  patient  who  seemed 
already   dead  and   in  whom    all  <.ther   means   had 
lailed,    was  hrou^dit    about   in    this   way      There   is 
ground  for  hoping,  also,  that  a  preliminary  injection 
of  scopo  amme,  now  becoming  popular  for  emplov- 
nient  before  the  administration  of  a  general  ana^'s- 
thetic,    may  help   to    eliminate    these    terribly    sad 
occurrences.  ^ 

Several  patients  apparently  passed  beyond  the 
shadowy  Rubicon  which  sej>arates  the  living  from 
the  dead  have  been  brought  back  to  life  bv  rapidlv 
opening  the  upper  abdomen  and  rhythmicallv 
squeezing  the  heart  against  the  chest  wall  through 
the  diapliragm.  ^ 

THE     FATAL     ADRENALIN-CHLOROFORM 

COMBINATION. 

In  Bristol,   it   has    been  well  recognized    for   ten 

or  twelve  years  that  the  combination  of  chloroform 

im;esthesia    with    injections    of    adrenalin,    as    for 

be  asp,l.  ^'°''^''-  '=■  ^'bservcd,  the  solution  must  not 
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insUin.L'  into  tlit'  mucous  membrane  of  the  nose  to 
check  h;emorrhage  in  a  nose  operation,  is  a  pccuharly 
deadly  association  of  remedies.  Tliere  have  been 
several  fatalities,  and  a  number  of  narrow  escapes. 
Ix'vy  has  done  most  valuable  service  in  workin.i,'  out 
the  subject  upon  animals,  and  in  demonstratint:. 
that  adrenalin  has  a  peculiar  power  in  brin,f,'inf::  on 
the  ventricular  fibrillation  which  is  the  particular 
dan.ijcr  of  a  light  chloroform  ana;sthesia.  A  number 
of  deaths  have  now  been  recorded  from  this  cause 
in  medical  literature.  The  adrenalin-ether  combina- 
tiun  appears  to  be  safe. 

DELAYED     CHLOROFORM    POISONING. 

The  third  danger  from  chlcjrofomi  anasthesia  is 
subtle  and  unexpected,  and  we  do  not  know  how  to 
treat  its  symptoms. 

It  is  well  known  that  the  katabolism  of  fats  in 
the  body  may  follow  an  abnomial  sequence  when 
the  amount  of  glucose  supplied  to  the  tissues  by 
the  blood  is  deficient.  In  these  circumstances, 
/>-oxy butyric  acid,  diacetic  (or  aceto-acetic)  acid,  and 
acetone  are  produced,  and  the  patient  is  poisoned 
by  the  acids,  while  the  acetone  imparts  a  sweet 
odour  to  the  breath  and  urine.  Starved  patients 
and  diabetics  are  particularly  liable  to  this  condition 
of  'acidosis'  or  '  acetonaemia ',  as  it  is  variously 
called.  Fat  children  and  sufferers  from  peritonitis 
are  frequently  the  subjects  of  acidosis  after  opera- 
tions in  which  chloroform  has  been  used,  and  there  is 
jrreatcr  dancer  if  there  h.ns  been  a  lopc  in+Tval 
between  the  last  feed  and  the  anaesthetic.     A  pro- 
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long.d    administration    is    more   dangerous   than    a 
bnef  one.     The  train  of  symptoms    is    referred    to 
as    delayed    chloroform    poisoning.     A    hospital    of 
200   beds   may    perhaps   furnish   one    or   two   such 
cases  annuallv.   if  chloroform  is  used  frequently  as 
the  an..esthet.c  of  choice.     The  signs  are  incessant 
vomttmg.    drowsiness    or    unconsciousness,    and     a 
swc-et   acetone   odour  in    the   breath.     Acetone  and 
ace  o-acet,c  acid  are  present  in  considerable  amount 
m   the  unne.     A  trace  may  often  be    found    after 
any    anasthetic.       Death    follows     within     a    few 
Clays.     At    the   post-mortem  examination   the  liver 
kKlneys.    an.l    other    organs    show   signs    of    acute 
tatty    degeneration.      Whether    this    is    the    cause 
or    the    consequence    of    the    acidosis    may    be    in 
doubt    but  the  vomiting  and  drowsiness  are  almost 
certainly  due  to  the  eiYoct  of  the  acid  into.xication 
on  the  brain.     Most  surgeons  who  are  aware  of  the 
condition  can   recall  sad  cases  where  an  oi>eration 
promised  well    but  this  fatal  complication 'stepped 
n    and    banished   all    hope   of   a   favourable   issue. 
Recently  it  has  been  found  possible  to  imitate  the 
condition    m   experimental   animals.     To   draw   the 
practical   lesson,   we   can   at   present   hope   only   to 
prevent,   not   to  cure.     Every  patient   trwhom   ^t 
may  be  necessar.   to  administ-     chloroform  should 
be  guarded  as  far  as  possible  against  tliis  comph- 
ca  >om     The    urine    should    be    tested    with    ferric 
chloride.     A  prolonged  star^•ation  should  be  avoided 
Glucose  and  alkalies  have  been  advocated  as  remedies 
':^tZ  ^r'!"'  ;[-ble    -d  the  former  appears 
"    ^Jviit:.     i»  possible,  eiher  should  be  given 
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to  patients  who  luivc  been  staa-ed,  to  fat  chiUlren, 
and  especially  to  patients  whose  urine  strikes  a  red 
colour  with  ferric  chloride.  Diabetics  require  special 
care.  If  prolonged  vomiting  follows  recovery  from 
the  an.x'sthetic,  the  poison  should  be  diluted  by  a 
large  injection  of  saline  into  the  rectum,  which  often 
works  wonders.  If  acetone  can  be  smelt  in  the 
breath,  glucose  or  alkalies,  or  both,  should  be  intro- 
duced into  the  blood  by  transfusion,  but  success  is 
not  very  probable,  as  these  remedies  cannot  restore 
the  fattv  liver  and  other  viscera  to  normal. 

Whether  the  acidosis  is  the  cause  of  the  vomiting, 
or  whether  the  starvation  consetjuent  on  the  vomiting 
causes  the  acidosis,  is  not  vet  certain,  but  we  may 
safely  attribute  the  drowsiness  to  the  acids  in  the 
blood,  and  they  probably  share  in  bringing  about 
the  fatal  termination. 
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CHAPTER    XI f. 

THE  FUNCTIONS  OF  THE   SPINAL 
CORD  AND  PERIPHERAL  NERVES. 

THE  DOUBLK  MOTOR  PATH-  THE  POIBLE  SKNSOKY  PATH  - 
THE  EXACT  DIAGNOSIS  OK  SPINAL  COKD  INJURIES  ■ 
l-ESIONS  OF  THE  POSTERIOR  NERVE  ROOTS  -INJURIES  AM) 
REPAIR   OF    PERIPHERAL    NERVES. 

IN  this  chapter,  as  in  so  many  others,  wc  shall 
find  that  the  injuries  sustained  by  the  wounded 
in  the  great  war  have  shed  a  light  on  problems  of 
lunction,  though  the  investigations  we  have  first  to 
describe  savour  more  of  civilian  than  military 
practice. 

THE     DOUBLE     MOTOR     PATH. 

We  had  become  accustomed  to  think  and  speak 
of  a  single  path  for  voluntary  movements,  consisting 
of  an  upper  motor  neurone,  the  pyramidal  Betz  cells 
of  the  precentral  cortex  and  the  pyramidal  tract 
fibres,  and  a  loner  motor  neurone,  the  anterior  horn 
cells  of  the  spinal  cord  (or  motor  nucleus  in  the 
brain  stem)  and  the  medullated  fibres  of  the 
jX'ripheral  nerves.  There  is  now  to  be  considered 
a  good  deal  of  evidence  that  the  motor  path  i^ 
cKmbled  throughout. 

It  has  long  been  suspected  that  the  pyramidal 
tracts  could  not  be  the  only  motor  path.  Babies 
can  move  their  limbs  before  the  pyramids  myelinate. 
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After  a  Iictniplegic  strokr,  certain  stork  mcvt'inents 
such  as  standing  and  walking  may  persist,  although 
the  hbrcs  of  the  pyramidal   tracts  may  bo  almost 
cnlircly  destroyed.     In   animals,   as  is  well  known 
•luite  extensive  lesions  of  these  tracts  or  of  the  motor 
cortex  do  not  produce  lasting  paralysis,  even  in  the 
chimpanzee.     Thromboses  spoiling   the  arm  centre 
or  the  face  centre,  in  man,  give  rise  to  paralysis' 
l)ut  there  is  often  a  remarkable  degree  of  recover>^ 
of   function    later.     In    ..Id    hemipl.gias.    voluntary 
movement  of  the  sound  side  may  be  ac.cmpanied 
by  mvoluntary  movements  of  the  hemiplef,ic  limbs 
Mmilar  movements  may  be  obtained  in  the  cat  or 
<hmipanzee    by    stimulating    the    red    nucleus    area. 
In  the  ffttal  eat  the  movements  resemble  those  of 
walkmg  (Graham  Brown). 

The  phenomena  of  spasticity  point   in   the  same 
direction.     It  is  well  known  that  after  a  hemiplegic 
stroke  due  to  a  lesion  in  the  internal  capsule  there 
IS  marked  rigidity  of  the  paralyzed  side.     Also  in 
any    animal    a    transection    of    the    mesencephalon 
bnngs  on  a  state  of  '  decerebrate  rigidity,'  the  limbs 
becoming  as  stiff  as  if  frozen.     A  second  transection 
below  the   fourth   ventricle  abolishes  this   rigidity 
a    hcmisection    abolishes    it    on    the    side    dividJd.' 
Division  of  the  posterior  nerve  roots  of  a  limb  sets 
that  limb  free  from  the  rigidity.      Evidently,  there- 
fore, there   is  another  innervation   for  the   muscles 
besides  that  due  to  the  pyramidal  tract,  and  a  re- 
Hex    arc    responsible   for   producing    the    spasticity 
The   researches  of  Sherrington,    Thiele.   Weed,  and 
Jk'rgmark  seem  to  indicate  that   the  path   for  the 
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rcllcx  i-,  as  follows  :  po-trrior  iutvc  root,  tract  of 
(iouir^,  corcbtlluni.  Mijnrior  cerelu'llar  pidumle,  red 
miclcu-i,  nil)i<)>])inal  tract.  Section  of  any  of  these 
tracts  will  al)oli->h  clcicnbrate  ri^'idity.  f.esions  of 
the  infericr  <  crebellar  peduncle  do  not  inHuence  thi' 
spasticity.  The  ]>yramidal  and  frontopontic  and 
tenipuro-oci  ii)ito-pontic  tracts  inhibit  nuiscular  tone. 
A  jmre  cortical  lesion  freciuently  causes  a  flacLid 
paralysis,  whereas  a  lesif)n  of  the  internal  capsule 
f^ives  ri^f  to  s])a-tii  itv,  because  in  the  latter  case  all 
the  inhibitory  tracts  are  likely  to  be  invohed. 
whereas  a  pure  lesion  of  the  ])iecentral  corte.x  >-j)ares 
the  curticoi)ontic  tracts. 

\\\'  t'uul,  llun,  two  motor  jjaths  in  the  brain— tcni 
and  s])inal  cord  : 

I.  The  pyramidal  tract,  d  sccndinj^  from  the 
cerebral  cortex,  controllini,'  liner  and  more  skilled 
movements,   inhibiting  i.'.uscular  tone. 

z.  The  rubrospinal  tract,  descending  from  the  red 
nucleus  (probably  influenced  by  the  lenticular 
nucleus),  controUing  stock  elementary  movements, 
and  exaggerating  muscular  tone.  Perhaps  th*- 
various  anterolateral  ile>cending  tracts  (vestibulo- 
spinal, tectospinal,  and  the  like)  share  in  the 
function. 

Hut  it  is  not  only  in  the  ci-ntral  nervous  system 
that  evidence  has  bci'u  found  of  a  double  motor 
path.  Kanisay  Hunt  has  some  interesting  observa- 
tions to  bring  forvvard  j)ointing  to  a  double  path  in 
the  motor  nerves.  There  are,  for  instance,  end-plates 
in  strip.d  muscle  of  non-medullated  as  well  as  of 
iiiLUuiialcd   iuivc-llbrcs    (Hoeke),    and    KanbOlii   lias 
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shr)wn  by  his  silvt-r-pyridin.-  inrtluHl  that  th.-  peri- 
pheral nerves  contain  a  lot  of  non-niedullated  ♦•hres. 
Striped  musrie   itself  eonfains   two  elements  ;    ,.nrh 
hbre  consists   of  a  ^aeat    number    of    cro^s-ban.led 
sarcostyles  packed  in  >arcop!asm.  as  thouj^'h  a  bundle 
of  cross-striped  pencils  were  jmt  into  a  cylinder  f^das, 
contammg  treacle.      In    muscles  designed  for  rapid 
.Ktion  the  sarcostyles  predominate  ;  in  muscles  where 
long,  slow  contraction  i,   needeci  there  is  relatively 
more  sarcoplasm.     The  sarcoplasm  (correspon.lin'^-  to 
the  treacle)  is  itself  contractUe.    The  suggestion  is  that 
there  is  an  (;lder.  simpler  mechanism,  consisting  of 
rubrospinal   tract,    fine    and    non-medullated    nerve- 
libres,  Boeke's  end-plates,  and  sarcoplasm  ;    and  a 
newer  mechanism  capable  of  greater  quickness  and 
higher  control— the  pyramidal  tract,  coarse  medul- 
lated  nerve  fibres,  ordinary  motor  end-plates    and 
sarcostyles.     In    the    intercostal    nerves,    fine    fibres 
are  in  excess  ;   in  the  brachial  plexus,  coarse  fibres. 

Some  curious  phenomena  in  the  healing  of  nerve 
lend  support  to  the  hypothesis.  Ramsay  Hunt 
de:,ciibes  cases  in  which  after  suture  there  wus  a 
period  during  which  muscular  tone  and  associated 
movements  had  returned,  but  voluntary  power  had 
not  yet  been  recovered  ;  indeed,  in  certain  cases  of 
musculospiral  palsy  it  never  did  recover.  The 
facial  nerve  shows  this  phenomenon  best.  There 
may  be  recovered  tone,  and  even  spasm,  with 
restoration  of  such  symmetrical  movements  as 
■  miling.  long  before  return  of  voluntary  movement. 
The  finer  and  non-medullated  fibres  have  presumably 
regenerated  before  the  coarser. 
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I 


THE     DOUBLE     SENSORY     PATH. 

The  M>earrhc.>  of  Head  and  his  fellow-workers 
liavL  shown  that  peripheral  sensation  may  be  f^roupcd 
under  three  hcadint^'s  : — 

1.  lipicritic  sense,  inrludinp  localization,  lij^^ht 
touch,  and  sli,L;hter  variations  of  temperature. 

2.  Pnitoput/iic  sense,  a  more  elementary  mechanism, 
preserved  in  the  ^hm>  jjenis,  and  made  evident  after 
certain  -c-injuries,  rerognizing  pain,  and  greater 
variatio.        .  temperature. 

3.  Dap    cmihility,  ap]>reciating  deej^  pressure. 
Pi    ■  -loly    there    are    three    dilierent    nerve-fibre 

path         )serving  these  functions. 

In  the  spinal  cord,  however,  a  now  grouping  takes 
place  ;  heat,  col  1,  and  pain  sense  travel  by  one 
route,  and  stereognosis,  tactile  discrimination,  and 
kin;esthetic  sense  (sense  of  weight,  and  sense  of 
position)  by  another. 

An  interesting  investigation  has  just  been  pub- 
lished by  Ransom  throwing  some  light  on  the  way 
in  which  this  re-grouping  occurs.  The  bulk  of  the 
fibres  in  a  spiral  })asterior  nerve-root  are  non- 
medullated,  only  shown  by  special  stains  ;  they 
have  the  usual  cell-station  in  the  posterior  root 
ganglion,  and  the  axo,i  shows  the  T-shaped  bifurca- 
tion. The  centripetal  branch  of  these  non-medullated 
fibres  enters  the  tract  of  I.issauer,  and  immediately 
plunges  into  the  giey  matter  of  the  posterior  horn. 
There  are  thus  inner  and  outer  divisions  of  the 
enleiing  posterior  nerve-roots  ;  the  inner  medullated 
fibres  enter  the  columns  of  Burdach,  and  the  outer 
non-medullated    enter    the  gelatinous  substance   of 
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Rolando.  Section  of  the  outer  division  abolishes 
the  evidenc  OS  of  j.ain  such  us  strugghnp.  the  pressor 
vasomotor  reflex,  and  quicker  breathin.^  in  the 
h.i^htly  anc-esthetized  animal,  when  the  sensory  nerves 
are  stimulated.  Section  of  the  inner  roof"  has  no 
>nch  effect.  It  is  suggested,  therefore,  that  the 
outer  non-medullated  root  is  the  path  for  pain  and 
temperature  sense,  and  that  the  inner  medullated 
root  ,s  the  path  for  muscular  sense,  stereognosis 
and  tactile  sense. 

As  already  remarked,  there  is  a  double  sensory 
I)ath  up  the  spinal  cord.  Leaving  out  of  considera- 
tion those  tracts  (the  dorsal  and  ventral  cerebellar, 
etc.)  which  do  not  carry  up  messages  to  the  centres 
for  consciousness,  and  also  leaving  out  of  account 
the  possibility  that  sensory  impulses  may  be  trans- 
mitted up  the  grey  matter  of  the  cord  with  its  short 
endogenous  connecting  fibres,  there  ivmain  two  main 
ascending  tracts.     These  are  :— 

1.  The    posterior    columns    of   Gall    and    Burdach 
whose  axons  are  derived  from  the  entering  posterior 
nerve- roots,  which  run  uncrossed  up   to  the  gracile 
and  cuneate  nuclei  ;    and 

2.  The  spinothalamic  tracts,  arising  in  the   cells  of 
the    posterior    horn,    mostly   of    the    opposite    side 
ninning  up  in  the  tract  of  Gowers,  joining  the  mesial 
lillft    in    the    brain-stem,   and  ending   in    the  optic 
thalamus. 

The  messages  conveyed  by  tlie  columns  of  (,„l! 
and  Burdach  are  also  carried  on  to  thr  opti.: 
thalamus,  by  way  of  the  mesial  fiHet. 

According  to  our  present  interi)retati..ii.  wln.h  I'.js 
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U)  hi-  based  almost  entirtly  on  human  evidence 
bcrausf  animals  cannot  explain  their  feelings,  pain 
and  temperature  sense?  are  conveyed  by  the  s])ino- 
thalamic  tract,  whereas  muscular  sense,  joint  sense, 
and  tactile  discrimination — by  which  we  distinguish 
whether  two  compass  jx)ints  are  double  or  single — pass 
up  the  posterior  columns  ;  the  sense  (stereognosis)  by 
which  we  recognize  unseen  objects  by  the  feel^ 
as  on  putting  a  hand  into  a  pocket  containing  coins, 
keys,  a  penknife,  paper,  etc.— also  travels  by  this 
route. 

Thus  we  find  that  whilst  muscular  sense,  stereo- 
gnosis,  and  tactile  discrimination  pass  up  the  cord 
uncrossed,  heat,  cold,  and  pain  senses  cross,  and 
there  is  a  cell-station  in  the  grey  matter.  Pain 
crosses  at  once  ;  temperature  .ind  tactile  sense 
usually  about  five  segments  above.  Hence  syringo- 
myelia and  other  lesions  of  the  grey  matter  abolish 
temperature  and  pain  sense.  Sherrington  has  shown 
that  the  pain  impulses  are  not  totally  crossed  ;  a  few- 
pass  up  on  the  same  side.  Tactile  sense,  apparenuy, 
can  follow  either  of  these  two  routes. 

Th<'  diseases  which  throw  most  light  on  these 
problems  are  tumours  of  the  spinal  cord,  and 
syringomyelia. 

A  tumour  of  the  spinal  cord  : — 

1.  May  affect  the  nerve-roots,  in  which  case  the 
symptoms  may  be  confined  to  those  roots. 

2.  May  press  on  one  side  of  the  spinal  cord.  In 
thii.  case  there  is  usually  pain  radiating  along  the 
nerve-roots  involved  at  the  same  time,  which  is 
important  in  the  diagnosis. 
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Let  lis  take  tlic  case  of  a  tumc  r  in  the  left  lower 
cervical  area.     This  will  involve 

(i).  T/ic  t-Duri^ini;  roots  of  the  lower  cervical  nerves 
on  the  left  side,  causing'  pain,  dullin.t;  of  sensation, 
and  flaccid  paralysis  witli  loss  of  reflexes,  wastinfj, 
and  reaction  of  d(  i^'eneration,  in  the  left  arm. 

(ii).  The  pyramidal,  rubrospinal,  and  vestibulo- 
spinal tracts  on  the  left  side  causinf^  jiaralvsis  of 
the  left  leiL(.  Inasmuch  as  the  pyramidal  tract  is 
involved,  muscular  tone  will  be  greatly  increased. 
There  will  be,  therefore,  rigidity  of  the  left  le^  and 
*\xaKk'erated  reflexes. 

(iii).  The  cerebellar  tracts  and  posterior  columns  of 
the  left  side,  causin.i,'  loss  of  muscle  and  joint  sense, 
and  loss  of  tactile  discrimination  and  recof,mition  of 
objects  on  the  left  side. 

'Iadlf,   to    Illustrate   thi;   Kki  ects  of  a   Tcmocr 
OF   the    Left   Lower  Cekvical    Region. 


Right  Atm. 
Normal. 


Jiight  Leg. 

Lois  of  sense  of  heat, 
cold,  jKiin. 


i  I  eft  Arm. 

I 

Pain.  Sonn-  ana!Sthesi;:. 
Flaccid  paraly.sis,  loss  of 
relicxes,   wastinfj. 

I.ejt  Lfg. 

Loss  of  muscular  s<,-nsc, 
joint  sen.se,  tactile  discri- 
mination and  recognition  of 
objects.  Spastic  paralysis ; 
exaggerated  retloxe.s. 


(iv).  The  spinothalamic  tract,  by  which  heat,  cold, 
and  pain  travel  up  from  the  rit,'ht  leg,  will  also  be 
pressed  upon. 
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Tactile  sei.se  !na\  not  be  lust  in  either  leg,  as  a 
double  path,  the  unc  Classed  and  the  other  uncrossed, 
is  o])(,-n  to  it. 

3.  It  may  arise  in  the  central  ^rey  matter.  In  this 
case  there  will  be  loss  oi  the  heat,  cold,  and  pain 
senses  on  both  sides,  but  tactile  and  muscular  sense 
will  remain.  There  may  be  some  spastic  paralysis 
of  both  H's.  In  th.'  early  stages  the  diagnosis  from 
syringomyelia  may  be  only  a  matter  of  <4)inion. 

4.  In  S(jme  cases  it  may  produce  bilateral  spr.stic 
paralysis  with  involvement  of  the  sphincter  func- 
tions and  with  an;esthesia  without  any  dissociation 
phenomena.  The  diagno^i^,  from  transverse  myelitis 
or  vascular  lesions  is  then  very  difficult. 

Each  of  the  thirty-one  nerve  roots  issuing  from 
the  spinal  cord  has  a  definite  distribution,  which 
may  be  motor,  sensory,  and  visceral,  and  these  have 
now  been  ascertained  with  some  accuracy  by  a  com- 
bination of  anatomical,  physiological,  and  clinical 
methods.  As  given  in  the  various  te.xt-books  and 
monographs,  the  information  is  a  good  deal  more 
than  most  of  us  can  carry  ron\eniently  in  our 
memories.  It  is  hoped  that  the  bare  i^lemcnts  set 
down  in  the  table  may  be  found  easier  to  remember, 
and  adequate  for  most  purposes.  No  two  accounts 
agree  exactly. 

The  main  points  may  be  emphasized  first.  With 
regard  to  the  sensory  distribution,  there  is  a  good 
deal  of  overlap,  t>vpi..-ial!y  in  the  hand,  where  the 
seventh  cervical  supplies  the  radial  half,  the  eighth 
cervical  the  inner  half,  and  the  lirst  dorsal  the  one 
and  a  half  fingers  to  which  the  ulnar  nerve  may  be 
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■  d.  The  twelve  dorsal  iktws  supj-ly  the  <  lK'_>,t 
1  abdfjmen  in  bands  like  successive  strips  of 
plaster  stretdied  round  the  body  ;  the  nii)i>lf  lies 
between  the  fourth  and  live  dorsal,  and  the  umbilicus 
between  the-  ninth  and  tenth.  If  we  plaer  the  open 
iiand  on  the  thii^h  just  below  and  parallel  to  Poupart's 
lif,'ament,  we  cover  the  first  lumbar  area  ;  the  next 
handbreadth  below  is  the  second  lumbar,  and  the 
next,  including  the  region  of  the  patella,  is  the  third 
himbar.  The  small  sciatic  nerve  area  corresponds  to 
the  second  sacral,  and  the  internal  sa]>hcn<.us  nerve 
area  to  the  fourth  lumbar  segment. 

With  regard  to  niot(jr  distribution,  tlie  fifth  cervical 
supplies  the  deltoid  +  iMceps  +  sujnnator  Ionian-  giouj), 
as  well  as  the  dorsal  .scapular  muscles  and  rhomboids. 
In  infantile  palsy  and  other  anterior  horn  (^r  nerve- 
root  affections,  these  muscles  may  be  found  {paralyzed 
and  atrophied  in  company.  On  the  other  hand,  .i 
fracture  of  the  spine  irritating  this  segment  brings 
about  a  characteristic  po>ition  of  the  arms  ^  .  The 
lirst  dorsal  gives  oft  s\-mpat!ictic  branches  dilating 
the  pupil. 

The  anatomy  of  the   lumljosacral  ple.xus  malces  it 
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Macri'i  i)ar;ilysis  .iiul  an,,  sthcsia  of  tlie  lowrr  limbs, 
with  sphinrt.T  trouhl.",  may  be  due  to  a  tumour 
growin^'  titlicr  in  the  .  aiula  equina  or  in  tho  conu^ 
mcdullaris  of  tlu-  cord  its.lf.  The  diagnosis  is  often 
diflicult,  but  tumours  of  the  cauda  are  usually 
characterized  by  a  slower  course,  asymmetry,  very 
violent  ]>ain.  and  Lasegne's  sign— jxiin  on  flexing  the 
thigh  and  thus  pulling  (;n  the  nerve-roots.  Operative 
interference  gives  better  results  in  these  cases  than 
in  those  where  the  cord  itself  is  affected. 

In  a  few  cases  recently  recorded,  where  section  of 
posterior   nerve-roots  had    failed   to  relieve  i)ain,   a 
surgeon   has   divided   tho   pain-j)ath   in    the   antero- 
lateral  region   of   the  cord.     To   give    success,    this 
should  be  done  on  both  sides,  although  by  far  the 
greater  number  of  pain-fibres  are  crossed.  Sherrington 
worked  out  the  path  by  dividing  the  mesencei)halon 
in  dogs,  after  which  injury  they  still  turn  and  try  to 
bite  and  growl  if  a  foot  is  hurt,  although  they  cannot, 
of  course,   psychically    feel    it.     If   then   the   spinal 
cord    is    hemisected    on    the    right    side,     painful 
stimuli    applied    to    the    right    foot   produce    much 
livelier  >napping  and  growling    than  the    same  on 
the  left  side. 

Souttar  has  recorded  a  case  in  which  he  divided 
the  right  anterolateral  region  of  the  cord  in  the 
upper  dorsal  region  for  unilateral  left-sided  gastric 
crises  of  tabes.  The  pain  was  completely  abolighed, 
but  not  the  vomiting.  Xo  paralysis  resulted.  Pain 
sense  in  the  left  leg  was  abolished  ;  tactile,  muscular, 
and  joint  sense  remained.  Strange  to  say,  tempera- 
ture   sense    also    remained    unimpaired.     Although 
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])ain  H  !iSL'  (Tosses  .dmost  at  tlie  k-vi!  at  wliirli  it 
<  ntrrs.  and  tt'in]ifraturf  sense  several  se^'inents 
fiirtlier  \i]>,  one  would  have  I'xpcctcd  all  the  messages 
riiteiin:;  in  lie  Irmbospiiial  n's,'i.)ii  to  have  got 
across  before  reacliiiit;  the  upjicr  dorsal  level,  (ireat 
heat  v.as  inteqireted  as  ]>aiii. 

THE    EXACT    DIAGNOSIS    OF    INJURIES   OF   THE 
SPINAL   CORD. 

The  fcjllowin^'  lesions  of  the  < ord  may  be  n>sponsible 
fur  symptoms  of  paralysis  (.r  aii;esthesia  after  an 
injury  to  the  back. 

I.  Simple  concussion,  the  injuries  being  micro- 
scojjical  or  functional  only,  and  the  paralysis  transient. 

_'.  Complete  division  of  all  the  nervous  elements. 

3.  Pressure  on  the  cord,  due  to  bone,  callus,  or  a 
foreign  body,  not  causing  a  total  transection. 

4.  Hit-morrhage  into  the  spinal  membranes. 

5.  Hiemorrhage  into  the  cord  itself. 

6.  Later  complications  such  as  myelitis,  traumatic 
neurasthenia,  etc. 

This  is  not  the  place  to  consider  all  these  in  their 
surgical  bearing.  We  want  to  look  at  them  in 
relation  to  the  physiology  of  the  spinal  cord. 

Both  in  man  and  in  animals,  particulai  monkeys, 
a  transverse  injury  to  the  cord  leads  to  the  pheno- 
menon known  as  spinal  shuck.  All  the  refle.x 
functions  are  severely  depressed,  and  there  is 
transient  paralysis  and  ana-sthesia.  Sherrington  has 
shown  in  animals  that  a  transection,  e.g.,  in  the 
upper  dorsal  region,  causes  spinal  shock  only  distal 
to  ttie  lesion  ;    the  cervical  cord  is  normal.     If  after 
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rccovcrv  lia.  ocrunvd  a  m  (orul  section  i-,  in.idc  in 
ih.'  niid-(l..rsal  region,  i„,  .j.inal  shock  is  pHMhicrd. 
fCvidciitly  it  was  dur  U>  tin-  witlulrawal  of  impulses 
niiiiiiii^'  dowmvards  from  the  brain-stem,  ])rohabIy 
from  the  region  of  l)eiter>'  nucleus.  Ixr'ause  tnin- 
section  of  the  ui)i)er  pon^  (;r  mesencephalon  d(K-s  not 
<  .nise  s])inal  shock. 

Considerablo  diiticulty  may  be  experienced  for  a 
day  or  two  in  decidin,^'  whether  a  j)atient  is  ^utterinK 
from  a  com])lete  division  of  the  cord  due  to  the  nip 
at  the  moment  of  fracturing  the  spine,  or  whether 
the  symptom>  are  due  merely  to  concussion.  In 
the  latter  case  a  few  days'  rest  will  <'ltect  a  cure. 
Sometimes  one  can  get  a  hint  earlier.  If  the  distri- 
bution of  the  i)aralysis  does  not  correspond  to 
the  distribution  of  thi'  auit-sthesia,  and  if  the  sym- 
))toms  are  asymmetrical,  it  is  probable  that  they'are 
due  partly  at  least  to  concussion. 

Spinal  shock  resulting  from  a  complete  transection 
in  animals  is  very  transient.  In  frogs  it  lasts  a  few- 
minutes,  in  cats  and  dogs  a  <lay  or  less,  in  monkeys 
not  much  more.  In  a  series  of  wounded  men  whose 
cc^rds  had  been  dixided  by  gunshot  injury,  if  the 
patient  was  -arefully  looked  after,  shock  passed  oft 
in  one  to  three  weeks.  In  such  cases  there  are  three 
-tages  distinguishable  :    - 

I.  I'.rioJ  nf  spinal  shock,  with  absent  refle.\es  and 
]>aralysis  of  the  bladder. 


2.    Pc-I 


1 1  id 


of    rccoirry  :      reflexes     returned,     and 


bladder  emj^tie,-,  itself  automatically  when  full. 

J.  Pcyioii   „f  terminal  failure,    when    the    isolated 
segment    of    the    spinal    cord    suffers    from     tov-r 
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(le^'fncTatioii  or  iiiyilitis,  and  rotU-xt-s  af^'ain  fail,  with 
paralysis  of  bladdtT,  j^nat  wastiiK'  of  tlic  Ii'/,'s  and 
K  artion  of  degeneration,  and  trophic  dianges. 

Sometimes  the  period  of  recovery  is  absent. 
<  si)ecially  if  the  patient  becomes  infected  ;  tliis  iiserl 
to  be  described  as  the  normal  in  man  when  the  < ord 
is  completely  divided,  but  it  is  now  abundantly 
proved  that  there  may  be  well-marked  re<overy  of 
reflexes  and  spasticity  i  ven  with  an  absolute  tran- 
saction. 

It  is  frequently  impo>sible  from  the  symptom^  and 
physical  signs  to  decide  whether  the  injury  to  the 
cord  is  complete  or  incomplete.  Of  course,  if  an\ 
sensation  persists,  or  any  true  voluntarv  control, 
some  tracts  must  still  be  left. 

Even  in  the  absence  of  any  sensation  or  voluntary 
control  in  the  parts  below  the  injury.  Kiddoch  haV 
put  us  in  ijossession  of  a  sign  that  may  sometimes 
be  of  value.  It  used  to  be  taught  that  if  the  legs 
were  rigid  and  showed  reflexes,  the  transection  was 
incomplete.     This  is  not  true. 

The  spasms  that  may  be  reflexly  elicited  in  a  case 
of  complete  transection  are,  however,  always  flexor, 
never  extensor.  If  extensor  reflexes  or  movements 
of  progression  can  be  obtained,  as  by  ])ricking  the 
thighs  or  drawing  the  prepuce  over  the  erect  peni>, 
the  lesion  of  the  cord  is  incomplete. 

The  practical  point  of  course  is  that  with  an 
incomplete  injury  it  is  well  worth  while  to  operate- 
to  remove  pressure  ;  if  the  conducting  elements 
are  totally  divided,  operation  is  useless. 

The  ficxor  spasms  of  ihc  Ihighs  elicited  by  stroking 
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thr    nun  I    side    arc    (tft<'ii    acromp.iiiird    by    n-flcx 

(■ini)tyinK  of  tht;  bladd.t.     This  miy  aid  in  k.rpiii(T 

tlic    patient    dry.    by    k'"ttink'    the    urine    cvaruated 

rr;,'nlariv  without   nccdinc  a  <athrtiT. 

Marked    wasting'    of    tlie    Ic-s    j^'encrally    means    ;i 

eoniplt'te  tr.instction  and  a  hojx'les-,  pro/^nosis. 

Lesions  of  the  ciuda  e(pnna  may  wisely  be  explored, 

bicause  suture  of  the  roots  or  removal  of  ])re>sare 

may  lead  to  regeneration. 

TIaniorrha,L,'e  into  tlie  sjunal  membranes  produces 

])ain  and  s])asm  by  involviriL,'  tlu'  issuin;,'  nerve-roots. 

In  addition,  tliere  will  probably  be  >()ine  evidenre  of 

l)ressure  on  the  cord,  produrin^  sp.isti<-  ])aralysis  and 

some  ana-sthesia  below  the  Ksion. 

H-emorrhai^'e  into  the  centre  of  the  cord  sometimes 

abolishes    the    pain    and    temperature    senses    whih; 

tactile  sense  escapes.     There  will  probably  bi;  spastic 

l)araple;.,'ia  as  well. 

It  will  not  be  necessary  to  refer  here  to  the  diagnosis 
of  the  later  <-om])lieati()ns,  such  as  myelitis  and  the 

various  neuroses. 

Unfortunately  tlie  <(ntral  nervous  svstem  is  so 
highly  specialized  that  it  has  lost  the  power  of 
ref,'enerauon  after  injur>-,  not  only  in  man  (unless  we 
accept  the  evidence  of  the  famous  Stewart-Harte 
case!)  but  also  in  nearly  all  animals.  The  newt,  it  is 
true,  can  form  a  new  cord  if  its  tail  is  lopped  off,  but 
the  newt  has  marvellous  powers  of  regeneration,  and 
can  even  i;row  a  new  lens  if  the  front  of  its  eye  is 
removed  !  Histolof,'icaI  evid«'nce  of  partial  regenera- 
tion has  been  obtained  in  mammals  by  Marinesco 
and  others,  but  not  functional  restoration. 
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THE    EFFECTS    OF    DIVISION    OF    THE 
POSTERIOR    NERVE-ROOTS. 

The  etft'cts  ni.iy  be  rl.issifu'd  as  follows:— 
r.  Anesthesia  of  the  spinal  area  of  skin  sui)i)lied 
Ihe  distribution  of  th(>se  in  the  human  subj.rt  has 
b<'en  worked  out  tliorou^'hly.  and  the  rharts  of  Head 
Sherrint,'ton,  and  otliers  are  well  known.     Section  of 
a  suiKle  nerve-root  scarcely  ever  causes  any  coniy)Iete 
loss  of  sensation. 

J.  Ataxia  of  the  correspondint,'  limb,  which  mav  be 
severe. 

3.  Loss  of  tone,  leadint.'  to  marked  ilaccidity  of 
the  corrcspondinf,'  limb. 

4.  A  variable  def,Tee  of  functional  paralysis. 
Owin,^  to  th«>  loss  of  sensory  impulses,  the  ataxia, 
and  lack  of  tone,  the  patient,  man  or  animal.  i)refers 
not  to  use  the  limb.  althoui,di  there  is  not  a  genuine 
paralysis. 

5.  Loss  of  reflexes. 

0.  Trophic  lesions,  such  as  ulcers,  whitlows,  etc. 

It  has  recently  been  shown  by  Eloesser  that  bone 
and  jomt  diseases  similar  to  the  Charcot  joints  of 
locomotor  ataxia  can  be  produced  in  cats  by  dividing- 
all  the  p(;sterior  nerve-roots  to  a  limb  and  then 
bruism,£,'  or  crushing,'  the  joints.  Similar  treatment 
of  the  joints  on  the  side  with  sensory  nerves  intact 
gave  rise  to  no  such  changes.  Extensive  and 
grotesque  dei)arturcs  from  the  normal  were  secured 
in  some  of  the  animals. 

7.  Usually  not  shock.  This  is  rather  sur[)rising. 
I  have  taken  the  blood-pressure  in  two  uatienfi 
whilst  four  or  hve    nerve-roots  in  the  lumbar  and 
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sacral  plexus  were  cut  on  each  side,  ana  there  has 
been  no  bucklen  fall.  There  was  a  steady  drop 
throuf;hout  the  whole  operation  (under  open  ether 
an;esthesia)  amounting  to  less  than  eight  miUirnetres 
of  mercury. 

8.  Certain  degenerative  changes.  The  posterior 
columns  of  the  spinal  cord  show  Wallerian  degenera- 
tion running  u].  to  their  termination  in  the  gracile 
and  cuneate  nuclei  of  the  medulla.  As  Warrington 
has  pointed  out,  in  animals  the  cells  of  the  anterior 
horn  on  the  sr^me  level  as  the  severed  roots  show 
signs  of  chromatolysis,  or  dissipation  of  their  XissI 
granules.  I  have  recently  been  able  to  demonstrate 
this  in  man.  A  patient  who  had  been  treated 
for  gastric  crises  by  resection  of  th*^  posterior  ner\e- 
roots  from  the  seventh  to  the  tenth  dorsal,  died  about 
two  months  afterwards.  In  the  cervical  region  all 
the  nerve-cells  were  normal,  but  in  the  region  of  the 
divided  roots  more  than  half  the  anterior  horn  cells, 
and  all  the  cells  of  Clark's  column,  showed  marked 
chromatolysis.  This  is  interesting  in  the  light  of 
the  various  affections  of  the  motor  functions  just 
mentioned. 

The  surgery  of  the  posterior  nerve-roots  is  yet  in 
its  infancy,  but  it  promises  to  have  a  future.  WTien 
it  is  resorted  to  earlier,  i  will  most  probably  have  a 
greater  value. 

There  are  two  main  indications  for  dividing  the 
posterior  nerve-roots.  The  one  is  piin,  and  the  other 
extreme  rigidity  in  the  course  of  spastic  paraplegia 
of  hemiplegia.  The  pain  may  be  due  to  such  a 
cause  as  the  crises  of  locomotor  ataxia,  or  the  agonies 
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of  inoperable  ( anar.     It  is  more  successful  for  the 
latter  than  for  the  former. 

When  many  roots  are  cut  for  spasticity,  it  is 
necessary  to  leave  one  cr  twi  intact,  or 'a  very 
decided  amount  of  ataxy  may  be  induced.  The 
relief  of  adductor  or  other  spasm  is  often  very 
marked,  if  it  has  not  become  permanent  in  con- 
sequence of  fibrous  shortening  of  the  muscles  and 
tendons. 


INJURIES     AND     REPAIR     OF     PERIPHERAL 
NERVE. 

The  terrible  frequency  of  „erve  injuries  in  the 
war  has  given  a  fresh  impetus  to  the  study  of  these 
problems,  and  a  number  of  valuable  researches  have 
been  published  on  the  hist(.lo«y  of  regeneration  and 
on  other  points. 

One  of  our  greatest  difficulties  has  been  to  obtain 

reliable  evidence,  before  operation,  as  to  whether  a 

nerve    presenting    all    the    signs    and    symptoms    (jf 

complete    division    (paralysis,    ana-sthesia,    and    the 

hke)  was  as  a  matter  of  fact  cut  across,  or  partly 

divided,  or  merely  bruised  or  shocked.     \\\>  found 

that  a  bullet  passing  near  but  not  through  a  nerve 

fre(iuently  gave  rise  to  a  temporary  paralysis  of  all 

Its  functions.     If  the  electrical   reactions  remained 

normal  (beyond  the  f^rst  ten  davs),  a  speedy  recovery 

might  be  e.xpected,  but  in  very  many  cases  there 

was  reaction  of  degeneration   just  as  'in  a  case  of 

anat<jmical  severance,  yet  the  functional  nature  of 

the  injury  would   be   pro\-ed    by  spontaneous   cure 

in    ;i    few    weeks'    time.     Eledncal    testing  has    its 
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limitations.      Occasionally    normal     muscle     shows 
A.C.C.  greater  than  K.C.C. 

In  practice  therefore,  in  such  doubtful  cases,  it 
became  customary  to  wait  about  three  months  to 
give  nature  every  chance.  Another  advantage  of 
waiting  was  that  it  gave  time  for  the  wound  to 
become  sterile.  Only  too  often  we  had  to  wait  not 
months  but  years  to  secure  asepsis,  without  which 
nerve  suturing  is  foredoomed  to  failure.  It  is  an 
interesting  question  just  when  thi^  waiting  mle 
ought  to  be  applied  to  nerve  injuries  in  civilian 
practice.  Even  after  three  months,  natural  recovery 
is  not  hopekss.  A  nuisculospiral  case  of  min(%  with 
complete  electrical  reactions  of  degeneration,  got 
well  quite  suddenly  after  nine  months  without 
operati(m.  In  some  of  these  patients  there  probably 
was  an  anatomical  division,  but  the  two  ends  of 
the  nerve,  being  in  apposition,  united  spontan- 
eously. 

A  new  test  has  been  introduced  by  Tinel,  called 
'distal  tingling  on  percussion',  or  D.T.P.,  mtended 
to  help  clear  up  the  diagnosis  in  these  cases.  If, 
shall  we  say,  the  ulnar  nerve  is  divided  in  the 
middle  of  the  upper  arm,  and,  after  several  montlis, 
tap])ing  the  ulnar  trunk  behind  the  internal  condyle 
at  the  elbow  sends  a  tingling  sensation  down  the 
arm  to  the  little  finger,  it  certainly  suggests  that 
new  nerve  fibres  ha\-e  grown  down  as  far  as  the 
elbow.  In  practid',  however,  I  have  found  the  sign 
gravely  misleading  more  than  once.  The  tapping 
may  be  transmitted  by  pulling  on  the  end  of  the 
nerve  above  the  iniurv  ;    also,  one  has  to  be  sure 
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that  the  patient  has  not  disrovored  that  if  lie  says 
he  feels  the  tin^lin^t,'  he  may  be  let  off  (.peration  ! 

The  only  reliable  test  is  to  explore  the  nerve  and 
stimulate  the  trunk  with  the  faradic  current  above 
and  below  the  lesion.  If  it  conducts,  it  will  recover  ; 
if  it  does  not,  the  scar  should  be  excised  and  the 
two  ends  sutured. 

Pain  and  mottling  of  the  skin  are  often  more 
marked  in  cases  of  partial  than  C(jmplete  division  of 
a  nerve. 

The  old  controversy  as  to  the  method  of  nerve- 
ref,reneration  is  now  definitely  settled  in  favour  of 
the  view  that  the  new  nerve-tibres  formed  after 
suture  are  budded  out  from  the  cut  central  end.  It 
will  be  found  that  new  modullated  fibres  are  present 
only  in  the  proximal  part  of  the  regenerating  nerve  at 
first,  whereas  at  a  later  date  they  reach  the  periphery. 
Only  a  few  millimetres  may  have  regenerated  in  a 
month.  It  has  recently  been  shown,  by  Perroncito, 
that  the  fine  fibrils  which  constitute  the  axis  cylinders 
of  the  central  end  commence  to  grow,  curl,  bud,  and 
branch  within  a  few  hours  of  tlie  injury,  apparently 
'  feeling  for  '  the  old  track. 

-Mott  and  Halliburton  have  shown  that  if  a  nerve 
i^-  cut  and  sutured,  and  time  allowed  for  regeneration, 
after  a  second  section  at  the  same  place  the  new 
medullated  fibres  peri])heral  to  the  injury  all  degener- 
ate. Had  they  been  de\eloped  in  situ  by  the  activity 
<jf  the  sheath-cells,  one  would  not  expect  degeneration 
after  the  second  section,  because  they  w.,  ..d  not  in 
that  case  have  bee;:  cut  off  from  their  centre  of  origin. 
The  deduction  is  that  the  new  fibres  wen-  deri'.'."d 
from  the  central  end. 
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Convinrin^'  proof  has  been  advanced  by  embryo- 
logists  that  the  ner\es  in  the  embryo  are  riot  formed 
in  situ,  but  are  budded  out  from  the  nervous  elements 
of   the   brain   and   spinal   cord.     By   removing   the 
medullary  groove  in  frog  embryos 'and  planting  it 
IP  lymph-rlot,  Ross  Harrison  has  actuallv  observed 
the  developing  ner\e-cell  grow  out  its  axon"  at  the  rate 
of  20  fx  in  twenty-five  minutes.   The  outgrowing  axon 
IS  actively  amoeboid.     He  was  able  also,  by  destroying 
the  \-entral  part  of  the  developing  spinal  cord,  to 
obtain  tadpoles  in  which  the  muscles  had  no  motor 
nerves.     If  it  is  allowed  that  in  the  embryo  the  nerves 
grow  out  from  the  central  nervous  system,  the  theory 
of  central  regeneration  is  placed  upon  a  strong  basis. 
Two    questions    of   great    interest    have    recently 
received  answers.     I'irst.   Why  does  the  medullary 
sheath  of  a  nerve-fibre  break  up  into  fatty  droplets 
when  it  is  cut  off  from  its  trophic  centre,  that  is 
from  its  cell  of  origin  in  the  central  nervous  system  ? 
Second,  How  does  the  budding  axis  cylinder  of  the 
central  end  of  a  divided  nerve  manage  to  find  its 
way  so  accurately  along  the  old  path  ? 

The  questions  are  intimately  related.  Each  fur- 
nishes the  answer  to  the  other.  The  medullary  sheath 
breaks  up  that  it  may  liberate  the  chemical  substance 
which  attracts  the  sprouting  axis  cylinder.  The  new 
fibre  follows  the  old  path,  because  of  the  chemical 
attraction  along  that  path. 

Nature  is  full  of  analogies  to  this  process  of  chemi- 
cal attraction.  Chemical  particles,  thrjgh  infinitely 
diluted  with  air  or  soil,  attract  the  vulture  to  the 
corpse  in  the  desert,  or  the  bloodhound  to  the  hunted 
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criminal.  Smell  is  only  a  chemical  analysis.  Simi- 
larly, the  leucocytes  crowd  out  of  the  vessels  to  an 
inflamed  area,  in  obedience  to  a  law  of  chemical 
attraction. 

If  two  celloidin  tubes  are  presented  to  the  central 
end  of  a  divided  nerve,  the  one  containing  emulsion 
of  liver,  and  the  other  emulsion  of  brain,  all  the 
sprouting  fibres  pass  into  the  brain  emulsion,  none 
into  the  tube  containing  liver  (Forssman).  The 
disintegration  of  the  nervous  matter  lays  down  a  line 
of  bait  to  entice  the  regenerating  fibres  along  paths 
of  usefulness. 

The  phenomena  of  repair  after  suture  ne.xt  call 
for  remark.  It  may  be  said  at  once  that  the  sooner 
the  operation  is  performetl  ihe  better  will  be  the 
results.  If  the  muscles  have  ceased  to  contract  to 
any  form  of  electrical  stimulus,  operation  is  useless. 
It  is  very  seldom  that  benefit  will  be  obtained  if 
two  years  have  elapsed  since  the  injury.  VVlien 
secondary  suture  fails  to  give  a  good  result,  the 
fault  lies  not  with  the  degenerated  nerve-fibres  so 
nuuh  as  with  the  nerve-cells  in  the  spinal  cord.  If 
asepsis  is  secured,  accurate  primary'  suture  seldom 
if  ever  fails. 

Sherren,  before  the  war,  gave  average  time  relations 
as  follows : — 

5-25  weeks  :  Commencing  return  of  protopathic 

sense. 
6-12  months  :  Complete  return  of  protopathic 

sense. 
12-18  months  :    Return  of  epicritic  sense. 
12-24  months  :   Motor  recovery. 
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Taking,'  the  ulnar  nerve  as  an  example,  recovery 
may  be  hoped  for  in  twelve  months  when  it  has  been 
divided  at  the  wrist,  or  in  twenty-four  months  when 
the  injury  was  at  the  elbow. 

These  figures  are  rather  on  the  slow  side   judged 
by  our  experience   during  the   war.     According   to 
Burrow  and  Carter  the  average  for  the  ulnar  nerve 
(327  cases)  was  nine  months  ;    sensation  was  never 
perfectly    restored.     The    musculospiral    began    to 
improve  in  seven  to  eight  months  ;  complete  recovery 
was  seen   about  the  fifteenth  month.     In  cases  of 
median  nerve  injury  (242  cases)  the  forearm  flexors 
were   restored   in   eight   months,    and   the   intrinsic 
muscles  of  the  hand  in  fourteen  to  twenty  months. 
There  is  a  good  deal  of  variation,  for  some  unknown 
reason,  amongst  the  diiferent  nerves.     The  musculo 
spiral    recovers    quickly    and    well    after    operation. 
1  he    ulnar     and    sciatic,     especially    the     internal 
popliteal,  are  relatively  slower  and  less  perfect      It 
IS  apparently  an  advantage  in  healing  that  a  nerve 
snould    contain    principally    motor    fibres    and    not 
motor  and  sensory  mi.xed,  because  there  is  so  much 
the  better  chance  of  the  down-growing  motor  fibres 
finding  their  way  to  muscle  and  not  to  skin. 

In  general,  trophic  and  vasomotor  recovery  is 
the  first  to  appear,  then  deep  sensibility,  then  sensa- 
tions o  roughness  and  pressure  pain.  Radiating 
and  ill-locahzed  sensations  referred  to  wide  areas 
come  next,  then  these  give  place  to  sensibility  to 
hght  touch.  By  this  time  motor  power  is  generally 
returning  ;  it  may  come  quite  rapidly  within  a  fevv 
days,  and  usually  before  the  electric  responses  have 
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Stereoagnosis  returns  late  if  at 


returned  to  normal, 
all. 

Dunns  recovery,  a  remarkable  phenomenon  has 
been  described  by  Trotter,  who  had  nerve  sections 
performed  upon  himself.  Any  stimulus  over  the 
cutaneous  area  affected,  gives  rise  to  a  decidedly 
painful  sensation,  referred  usually  to  tne  n.ost  distant 
part  of  that  area. 

Recovery  after  incomplete  division  of  a  nerve  is 
more  rapid,  usually  taking  less  thr.n  six  months  for 
sensory  restoratioi.  ;  it  is  perhaps  a  year  before 
inotor  power  is  normal.  Protopathic  sense  does  not 
return  before  epicritic,  as  it  does  when  the  nerve  is 
completely  divided  ;  they  are  restored  side  by  side 
at  an  equal  rate. 

The  last  point  we  shall  consider  is  how  best  to 
proceed  when  so  much  nerve  has  been  lost  that  the 
ends  catmot  be  got  together.  Many  methods  have 
been  adopted,  some  of  which  are  of  little  or  no  value 
and  should  be  allowed  to  drop  out  of  use.  Amongst 
these  may  be  mentioned  the  introduction  of  a  bridge 
of  silk  or  catgut,  or  of  nerve  derived  from  a  cat.  dog, 
or  rabbit  (which  will  undergo  dissolution),  and  the 
device  of  splitting  the  nerve  longitudinally  and  turn- 
ing down  one-half  across  the  gap.  It  is  quite  evident 
why  these  fail.  The  silk,  catgut,  and  probably  the 
animal's  nerve,  cannot  provide  the  necessary  chemical 
attraction  for  the  down-growing  nerve-tibrcs.  The 
splitting  '  en-Y  '  does  not  lay  down  a  continuous 
'  scent  '  along  the  tract  ;  it  is  broken  at  the  stem  of 
the  Y.  Better  results  may  be  obtained  by  suturing 
into  the  interval  n   length  of  human  nerve.     This 


t';> 


f 


'2M    THE     FUNCTIONS    OP    THE    SPINAL 

may    bo    obtained    from    an    amputated    limb     but 
It  IS  always  possible  to  excise  several  inches  of 'some 
unimportant  nerve  such  as  the  internal  cutaneous 
of  the  arm,  and  if  this  is  too  slender,  two  or  more 
pieces  may  be  used  parallel  to  one  another.     The 
nerve  can  be  located  before  the  anaesthetic  is  given 
by    testuiff    with    an    electric    current;     when    the 
electrodes  are  applied  over  the  nerve  a  tinirUne  or 
pain  IS  felt  throughout  its  distribution.     It  is  con- 
sidered by  some  to  be  an  advantage  to  protect  the 
nerve   junctions   from    invasion    bv   fibrous   tissue- 
this  may  be  done  by  enclosing  the.    in  a  ring  or  tube 
of    superiicial    vein.     Probably    Cargile    membrane 
does  more  harm  than  good. 

There  is  yet  another  method,  which  is  sometimes 
the  only  one  available.     Langley  made  some  very 
interesting  experiments  on  the  effects  of  joining  up 
the  cut  ends  of  different  nerves,  and  found  that  their 
functions  could  be  transposed.     Thus  he  turned  the 
cat  s  vagus  into  the  cervical  sympathetic,  and  allowed 
regeneration  to  take  place.     The  vagus  is  of  course 
the   nerve  of  swallowing,   and  therefore,   whenever 
the  cat  lapped  milk,  all  the  effects  of  stimulation  of 
the    cervical    sympathetic    were    seen    on    the    side 
operated  on-dilatation  of  the  pupil,  starting  of  the 
eye  sweating,  retraction  of  the  nictitating  membrane. 
pall<.r  of  the  ear,  bristling  of  the  hair,  and  quicken- 
ing of  the  heart-beat,     ^h.-n,  however,  the  (purely 
sensory)  lingual  nerve  and  the  (purely  motor)  hypo- 
glossal were  crossed  in  like  manner  there  was  no 
result. 

The  method  of  nerve  anastomosis  was  introduced 
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into  practical  surgery  by  Ballanco,  who  put  part  of 
the  spinal  accessory  nerve  into  the  peripheral  end 
of  the  degenerated  facial  nerve  to  relieve  intractable 
f.icial  palsy.  The  result  was  excellent,  but  there  was 
a  tendency  of  course  for  the  face  and  the  trapezius 
to  contract  together,  and  smiling  was  accompanied 
by  jerking  of  the  shoulder.  The  hypoglossal  is  now- 
utilized  instead  oi  the  spinal  accessory  to  avoid 
this.  It  was  hoped  that  there  was  a  wide  field  of 
u>efulness  before  this  device  of  nerve  anastomosis, 
especially  in  infantile  palsy.  For  instance,  if  the 
anterior  tibial  muscles  and  peronei  alone  were 
affected,  the  external  popliteal  might  be  divided  and 
the  peripheral  end  put  into  a  notch  in  the  internal 
popliteal.  Unhappily,  published  results  are  very 
disappointing,  at  any  rate  in  the  case  of  infantile 
paralysis  ;  probably  even  the  anterior  horn  cells 
supplying  useful  muscles  have  been  somewhat 
damaged,  and  cannot  take  on  more  than  ordinary 
work. 

(Air  war  experience  has  shown  us  that  direct 
end-to-end  suture  of  nerves  is  much  superior  to 
either  nerve  grafting  or  nerve  transplantation.  Some 
surgeons  consider  that  both  these  devices  are  useless. 
We  still  await  adequate  lists  of  published  end-results 
to  enable  us  to  decide  the  question.  I  have  followed 
through  eight  cases  in  which  I  bridged  a  gap  by 
transplanting  two  or  three  plies  of  the  internal 
cutaneous  ner\-e.  Two  were  successful  (a  musculo- 
spiral  and  an  external  pophteal)  ;  six  probably  or 
certainly  failed.  Nerve  anastomosis  suffers  from 
tb.e  drawback  that  notching  the  -ound  trunk  may 
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cause  some  paralysis  of  muscles  that  before  the 
>p.'rat.on  were  intact  ;  it  is  sad  that  if  „,  m  e 
than  one-th.rd  of  a  trunk  is  divKled.  no  paraly 
follows,  but  only  a  xery  wide  experience  of  notchh '^ 
-very  nerve  m  the  body  and  m  every  part  of  th^^ir 
courses  could  justify  such  a  statement 

Various  devices  of  position  may  be  made  use  of 
to  .ct  the  two  ends  of  a  nerve  together  across  the 
gap  such  as  acutely  llexinf,  the  knee  for  the  sciatic  • 
such  a  nerve  as  the  ulnar  may  with  .reat  adv  nt  U 
be  displaced  from  behind  the  condyle.  These  pro 
c-dures.  whene^■er  possible,  are  much  to  b  p"  ^d 
to  nerve  transplantation,  and  even  more  I  nerve 
anastomosis.     Some  sur.eons  think  it  justifiabl     o 

'  t    L  e  d     7'""  '"'  ''"^''■"  ''  ^^"  '"-h-  ^"  -  '- 
?  se       ^u  ''  ""■''"  '''^'^^''-     -^'^ni^'times.  in  the 

a  e  of  the  musculospiral.  a  good  result  may  be  ob- 
ta  ned  by  lettm,,  the  nerve  alone,  and  transplanting 

he   tendons   of   the   flexor  caqn    radialis.    palmaris 
on,.us.  and  flexor  carpi  ulnaris  into  the  e.;t  n  or    of 
the  thumb  and  lingers. 
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CHAPTER    XIII. 

LOCALIZATION    OF     FUNCTION     IN 
THE     BRAIN. 

LOCALIZATION  Ol  SENSATION'  IN  THK  CEKI-ilKAL  CORTEX  ; 
VISION,  HEARING,  CI  TANEOUS  AND  OTHER  FORMS  OF 
SENSATION -FUNCTIONS  OF  TMIC  FRONTAL  CORTEX  — 
APRAXIA — APHASIA       MISLEAOINC.     LOCAI.IZINll     SIGN-.     OF 

INTRACRANIAL     TIMOL'R OPTIC      NEIRITIS       THE      CERE- 

HELLTM       Tl  MOLRS    IN    THE  <  EREliELLO-I'ONTINE     ANGLE 
—  THE     CEREliROSPINAL    FLUID. 

THE  larf,'c  number  of  cases  of  localized  injury  to 
the  brain  occurring  in  the  war  have  f,uven  a 
decided  impetus  to  neurology.  Painstaking  investi- 
gations, of  much  larger  groups  of  examples  of  a 
particular  injury  than  civil  practice  could  furnish, 
have  been  carried  out  by  the  most  competent 
observers.  Some  of  the  results  are  given  in  this 
chapter. 

LOCALIZATION  OF  SENSATION  IN  THE 
CEREBRAL  CORTEX. 

Vision. — -It  has  long  been  known  that  visual 
sensations  are  received  on  tlie  mesial  surfaces  of  the 
occipital  lobes,  just  above  and  below  the  calcarine 
tissure.  Histologically,  the  area  is  mapped  out  by 
the  white  line  of  Gennari,  which  is  a  lamella  of 
meduUated  fibres  splitting  the  grey  cortex,  and  by 
the  occurrence  in   the  pyramidal   layers  of  certain 
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stcllat.  .  elJs  Thi>  an-a  slightly  .,u  roaches  on  th. 
convoxuy   of  th.  h.-misphere  at    th.  occipital  pole. 

rort.x.  lor  the  interpretation  of  things  seen  ur 
are  dependent  on  the  outer  surface  of  the  occipital 
cortex,  the  so-called  r,s„opsyc/nc  area  ^ 

It  IS  well  known  that  the  right  half  of  each  retina 
that   .s    the  nasal  half  of  the  left   retina  and     he 
temporal   half   .,f   the   right)    is    represented    in    the 
right  visuosen>ory  area,     (iordon  Holmes  and  I  ister 
have  shown  that  a  lesion  of  the  upper  lip  of  thJ  cal- 
canne  hssure  causes  blindness  of  the  upper  half  of 
each  retu.a.     This  confirms  previous  work,      i  nere- 
fore  a  les.on  of  the  left  corte.x  above  the  calcarine 
fissure  w.uld  render  the  upper  left  quadrant  of  each 
tve  blind  ;    the  patient  would  not   be  able  to  see  his 
n^ht    foot    when    sitting    in    a    chair   and    looking 
straight  forward>.  ^ 

Further,  they  show  that  the  macula,  the  point  of 
most  acute  vision,  with  which  we  read,  is  represented 
n  the  httle  piece  of  visual  cortex  which  overlaps 
he   convexity    of   the    hemisphere    behind,    and    at 
the    posterior    end    of    the    calcarine    fissure      The 
repres^entation  is  not  bilateral,  as  used  to  be  taught 
If  a  bullet-track  destroys  the  rest  of  the  calcarine 
area  but  leaves  the  posterior  poles  intact,  the  patient's 
world  looks  as   ,f  seen   through   a   telescope ;     the 
periphery  is  cut  oh".  ^    ' 

I-urthcr.  it  is  shown  that  each  region  of  the  visuo- 

sensory   area   corresponds   to   a   region    of   the    two 

retinae,    which    always   work   together.     That   is   to 

•■'  '•••'"■=''<-  :i==iiiL-  be  taKon  db  repre- 
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and  C  -'ais  rorri'spoiul  to  the  regi(jn  for  the  hkk  iila  ; 
Sussix  and  Hampshin-,  represrntinf,'  the  sloping: 
sides  of  the  upper  lip  of  the  fissure.  corrcsiKind  to 
areas  in  each  retin  traversed  by  a  hno  running 
from  the  ma -ula  horizontally  to  the  right  ;  .ind 
Koing  up  the  Thames  Valley,  which  represents  the 
upper  limits  of  the  visuosensory  area,  corresponds 
to  areas  in  the  rctiuie  traversed  by  a  line  drawn 
vertically  upwards  from  the  macula— the  higher  on 
the  cortex  equals  the  higher  on  the  retina,  and  the 
further  forwards  on  the  cortex  equals  the  nt-arer  the 
periphery  of  the  retina. 

Lesions  of  lateral  surfaces  of  both  hemispheres, 
the  visuopsychic  cortex,  involving  the  angular, 
supramarginal,  post-parietal,  and  occipital  regions, 
give  rise  to  loss  of  perception  of  size,  depth,  and 
distance,  inability  to  recognize  the  nature  of  objects, 
and  impairment  of  convergence  and  accommodation. 
Hearing. — Although  it  is  certain  that  monkeys 
which  have  suffered  bilateral  removal  of  the  temporal 
cortex  give  every  external  evidence  that  they  can 
hear,  it  is  very  difficult  to  be  equally  certain  that 
sounds  are  still  appreciated  in  consciousness  by  them, 
and  recognized  for  what  they  signify.  It  is  no  more 
evidence  of  conscious  hearing  that  a  monkey  looks 
round  when  a  bell  sounds,  than  it  is  of  conscious  pain 
that  a  man  with  a  fractured  spine  withdraws  a  foot 
pricked  by  a  pin.  It  might  be  a  reflex  from  a  lower- 
level  centre,  such  as  the  posterior  corpus  quadri- 
ceininum.     Recently  the  whole  cerebral  cortex  has 
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Ixcn  removed  on  both  sides  in  monkeys  (Macacus) 
One   lived   twenty-six  days.     They  still  responded 
to   noises   by   movements    of    the    body    and  ears 
Stimulation  of   the    temporal    cortex    in    monkeys 
causes  pricking  up  of  the  ears. 

At  any  rate,  there  is  a  fair  amount  of  human 
evidence,  both  anatomical  and  clinical,  to  locate  this 
function  in  the  tcmi^ral  convolutions  and  island  of 
Reil,  and  none  to  locate  it  elsewhere.  Fibres  from 
the  posterior  corpus  quadrigeminum,  and  some  from 
the  lateral  fillet,  which  is  well  known  to  come  from 
the  cochlear  nuclei,  may  be  tr-ed  to  this  part  of  the 
cortex.  Deafness  and  abnormal  auditory  sensations 
have  been  associated  with  disease  of  "this  region. 
Perhaps  the  most  convincing  observation  on  record 
was  made  by  Harvey  Gushing,  who  stimulated  the 
exposed  tfMnporal  cortex  in  a  conscious  man,  and  the 
patient  said  that  he  heard  a  buzzing  noise. 

There  are  cases  on  record  of  complete  bilateral 
destruction  of  the  temporal  cortex  with  persistence 
of  the  island  of  Reil.  and  normal  hearing.  This  may 
indicate  that  the  island  is  more  important  as  an 
auditory  centre  than  the  temporal  convolutions. 

Cutaneous  and  Other  Forms  of  Sensation.  - 
Ihe  great  war  has  provided  a  wealth  of  clinical 
material  for  the  study  of  those  problems  relating 
to  the  cerebral  localization  of  the  various  f.^rms  of 
sensation  derived  from  the  limbs,  which  used  to  be 
so  controversial.  On  this  subject  experiments  on 
animals  could  give  little  or  no  information.  Enormous 
lesions  in  monkeys  were  found  to  cause  hemiana-s- 
thesia,   but   smaller   removals  gave   rise   to   little   if 
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any  defect  of  sensation.  Sherrington  has  recently 
removed  parts  of  the  postcentral  cortex  in  a  chim- 
panzee. The  animal  was  not  tame  enough  to  allow 
detailed  e.xamination  of  its  sensations  afterwards, 
but  there  was  no  loss  to  the  coarser  methods  of 
testing. 

Gushing   excited    the   postcentral   convolution    in 
two   conscious    patients   who    had   previously    been 
trephined,    by    unipolar    faradic    stimulation.     He 
found  that  the  brain  itself  was  devoid  (jf  any  sort 
of  feeling,  but  that  sensations  of  stroking,  tingling, 
or  warmth  were  produced,  referred  to  the  hand  of 
the   opposite   side.     The   sensation   was   quite   well 
defined  and  localized  ;   one  area  corresponded  to  the 
index  finger,  and  another  to  the  back  of  the  hand. 
When  the  electrode  was  applied  in  front  of  the  fissure 
of  Rolando  instead  of  behind,  the  fin,      s  or  hand 
moved,  but  there  was  no  sensation.     Ai.  incision  in 
the  postcentral  convolution  was  quite  painless,  an. 
caused  some  numbness  of  all  forms  of  sensation  in 
the  hand. 

Many  years  ago,  before  it  was  realized  that  the 
convolutions  in  front  of  and  behind  the  fissure  of 
Rolando  differed  in  function.  Ransom  and  also 
Laycock  observed  that  a  tingling  sensation  was 
elicited  when  they  stimulated  the  exposed  cortex  in 
a  conscious  man,  and  apparently  they  both  applied 
the  electrodes  in  front  of  the  fissure  ;  Gushing  and 
others  have  faUed  to  confirm  this.  Recently  Sir 
Victor  Horsley  published  an  account  of  the  only 
case  in  which  he  had  removed  a  cortical  centre  (part 
of  the   hand   area)   without   encroaching   upon    the 
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ascending  parietal  ^vriis  (for  athetosis).  ImmeJi- 
ately  after  the  operation  there  was  complete  llaccid 
paralysis  of  the  arm  and  some  interference  with 
sensation.  The  hand  could  dete-t  cold  but  not 
warmth,  stroking  witii  a  wool  pencil  was  not  felt 
on  tho  ungual  phalanges,  there  were  inaccuracy  of 
location  of  pain  and  touch  and  loss  of  the  sense  of 
position,  and  objects  placed  in  the  hand  were  not 
recognized  bj-  touch  (astereognosis).  A  year  later, 
nKJvement  was  recovered,  excejit  for  some  spastic 
paralysis  in  the  two  ulnar  lingers  ;  there  were  still 
astereognosis,  inaccuracy  oi  location,  and  slight 
dulling  of  s' nsation  over  the  ulnar  bord  r  of  the 
hand.  If  the  lesion  had  involved  the  postcentral 
cortex,  the  sensory  disturbance,  in  his  experience, 
would  have  been  much  more  marked.  The  athetosis 
movements  were  cured. 

It  is  quite  certain  that  lesions  in  man  involving 
the  ascending  parietal  (postcentral)  convolution 
almost  always  cause  some  interference  with  sensa- 
tion, more  so  than  defects  of  any  other  parth  of 
the  cortex  would  do.  There  is  tiever  complete 
auiesthesia,  except  just  after  an  e])ileptic  convulsion 
vr  injury,  or  in  hysteria.  Further,  it  is  pDved  that 
the  leg  area  is  nearest  the  toj),  the  arm  area  next, 
and  that  for  the  face  lowest,  corresponding  to  the 
distribution  in  the  precentral  (motor)  convolution. 
Bergmark  quoti's  thirty-three  cases  of  lesions  of  the 
postcen.ral  gyrus  with  sensory  symptoms  but  no 
])aralysis. 

Dr.  Head  has  re-investigated  the  whole  subject, 
using  a  large  number  of  wounded  officers  and  men  as 
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clinical   material.     The   results   are   interesting   and 
important.     The    more   primitive    sensations,    thi.se 
possessed  by  most  vertebrates,  such  as  tactile,  heat, 
and  cold,   are  appreciated  by  the  optic   thalamus,' 
which  represents  the  primitive  sensory  cortex.     It  is 
the  optic  thalamus,  also,  that  gives  emotional  colour 
to  the  sensations— that  regards  some  as  pleasurable, 
and    others    as    painful.     Obviously    pleasure    and 
pain  are  very  primitive  sensations.     The  degree  of 
pleasure  excited  by,   shall  we  say.  gentle  stroking 
or  a  spray  of  warm  water,  and  the  degree  of  pain 
excited  by   a  pinprick,  are  partially  damped  down 
by  impulses  derived  from  the  cortex.     Fibres  from 
all  parts  of  the  cortex  converge  on  the  lateral  nucleus 
of  the  thalamus,   and  tend  to  control  and  inhibit 
excessive    pain    or   pleasure    arising    from    impulses 
received  from   the  spinal  cord.     When  this  lateral 
nucleus  is  damaged,   and  only  the  mesial  part  of 
the  tha'mius  is  left  intact,  pinpricks  are  much  more 
pauiful,  and  stroking  or  warmth  more  pleasant,  than 
on  the  normal  side.     Sometixncs  music  produces  a 
remarkable  emotional  effect  in  the  affected  limbs, 
especially  if  it  is  solemn  and  majesric.     A  complete 
destruction,  say  of  the  right  optic  thalamus,  produces 
hemian;csthesia  of  the  left  side  of  the  body,  with 
blindness  of  the  right  half  of  each  retina,  sometimes 
athetosis,   and   a  curious   form   of  facial   paralysis. 
Wlien  the  pyramidal  tract  is  injured,  causing  hemi- 
plegia, voluntary  movements  of  the  face  are  impaired 
but   emotional   movements   persist— a  smile   or   an 
involuntary  frown  are  still  symmetrical.     When  the 
tiiaiumus    is    damaged,    voluntary    movements    are 
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retained  but  the  emotional  movements  are  no  longer 
symmetrical.  The  explanation  is  that  the  emotional 
movements  are  of  ])rimitive  origin,  and  therefore 
controlled  by  the  more  primitive  optic  thalamus, 
not  by  the  cortex. 

A  lesion  of  the  postcentral  cortex,  therefore,  does 
not  cause  complete  anaesthesia,  or  abolish   any  of 
the  senses  of  heat,   cold,   touch,   or  pain,   because 
these    are    apprehended    by    the    thalamus.     The 
function   of   the   sensory   cortex    is   not   merely   to 
receive   sensory    messages,   but    to   interpret    them. 
If  I  hold  a  glass  of  hot   water  in   my  hand,   the 
thalamus  tells  me  that  it  is  touching  my  hand.'  that 
It  IS  hot,  that  it  is  unpleasantly  hot  ;    the  middle 
part  of   the   postcentral  cortex,   behind   the   motor 
area  for  the  arm  and  hand,  tells  me  that  it  is  a 
smooth  round  glass,  that  it  v,-eighs  so  m?r  ■'  ounces, 
and  that  it  is  of  such  and  such  a  size. 

Lesions  of  the  postcentral  cortex  in  the  arm  area 
produce  the  following  disabilities.  Certain  fingers 
are  affected,  others  are  normal. 

1.  Sensations  are  very  irregular  and  easily  fatigued. 
A  light  touch  or  other  means  of  testing  is  appre- 
ciated better  at  one  time  than  another. 

2.  Recognition  of  space  's  very  defective.  The 
patient  cannot  recognize  how  much  his  fingers  have 
been  moved  by  the  physician,  he  localizes  badly, 
and  tw  o  compass  points  are  interpreted  as  one  unless 
greatly  spaced  out  on  the  skin  tested. 

3-  He  cannot  judge  weights,  or  compare  shapes 
and  sizes,  or  tell  the  difference  between  sUk,  velvet, 
cloth,  and  the  like.     When  there  is  marked  inter- 
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ference  with  sensation  from  a  postcentral  injury, 
muscular  tone  is  deficient  in  the  corresponding 
part. 

We  can  go  some  way  towards  localization  of  these 
functions.  A  little  loss  of  sensation  may  be  pro- 
duced by  a  lesion  of  the  precentral  t,'yms,  much  more 
by  injury  of  the  jwstcentral,  and  some  if  the  parietal 
convolutions  just  behind,  and  the  angular  gyru^, 
are  involved.  The  constitute  the  sensory  area 
of  the  cortex.  The  .ttle  hnger  is  representednearer 
the  leg  area,  the  thumb  nearer  the  face  area. 
Lesions  of  the  precentral  corte.x  particularly  affect 
spacial  sense  ;  those  of  the  postcentral  gyrus  have 
the  greatest  effect  on  judgements  of  weight  and 
shape  ;  marked  disturbance  of  tactile  sense  indicates 
a  lesion  farther  back  or  in  the  angular  gyrus,  which 
may  also  interfere  with  temperature  sense.  It  will 
be  remembered  that  Sir  Victor  Horsley's  case  of 
excision  of  the  motor  area  for  the  hand  had  difficulty 
in  localizing. 

In  reference  to  the  views  which  have  just  been 
explained  with  regard  to  the  emotional  function  of 
the  optic  thalamus,  it  is  interesting  to  mention  that 
Graham  Brown  has  shown  that  stimulation  of  this 
nucleus  in  a  chimpanzee  gives  rise  to  the  movements 
which  constitute  laughter  in  apes. 

FUNCTIONS  OF  THE  FRONTAL  CORTEX. 

It  is  well  known  that  the  great  motor  centres  are 
limited  to  the  ascending  frontal  or  precentral  con- 
volution. This  has  been  abundantly  proved  by 
many  methods  :    by  the  studj'  of  ]) aralysis  following 
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localized  lesions  in  man,  or  removals  in  man  or 
apes  ;  by  electrical  stimulation  in  man  and  apes  ; 
and  histologically  by  the  limitation  to  this  region 
of  the  giant  pyramidal  or  Betz  cells,  which  are  the 
only  cells  to  undergo  chromatolysis  when  the  pyra- 
midal tracts  are  destroyed  in  the  spinal  cord. 

The  whole  iield  of  the  observations  on  great  apes 
has  recently  been  gone  over  again  by  Sherrington 
and  Ley  ton,  using  a  truly  generous  amount  of 
material— three  gorillas,  three  orang-outans,  and 
twenty-two  chimpanzees.  They  give  wonderful  de- 
tailed diagrams  of  the  e.xact  spots  that  have  to  be 
stimulated  to  produce  particular  movements.  They 
make  a  point  that  the  cortex  must  not  be  allowed 
to  cool,  or  the  reactions  no  longer  appear.  After 
ablations  of  parts  of  the  motor  area,  paralysis  of 
course  ensues,  but  there  is  a  remarkable  degree  of 
recovery  in  a  few  days. 

It  often  becomes  of  great  importance  to  the  surgeon 
to  know  whether  a  tumour  causing  hemiplegia  is 
accessible,  either  in  the  cortex  or  close  beneath  it, 
or  inaccessible,  in  the  internal  capsule  or  isthmus! 
The  principal  e\idences  of  the  former  are  the  occur- 
rence of  monoplegias,  the  face,  arm,  or  leg  being 
affected  alone  without  the  others,  whereas  lesions  of 
the  internal  capsule  would  paralyze  all  three  ;* 
secondly,  persistent  aphasia  may  be  present  ;  and 
thirdly,   there  may  be  recurring  convulsions.'    The 


In  III,  nkeys  the  (ibres  to  the  head,  arm,  and  leg  are  erouped 
in  luM.dlrs  m  th...  internal  capsule,  but  apparently  this  is  not  It  e 
ca«;  in  mm:.,  and  consiquently  small  legions  cause  inild  hemipleni;; 
nut  iiu:u..picgia.  
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decree  of  sensory  impairment  is  not  of  much  assist- 
ance, but  the  considerations  just  advanced  may 
sometimes  be  helpful. 

There  is  a  good  deal  of  evidence  that  if  the  paralysis 
is  of  a  flaccid  type  the  lesion  is  most  probably 
cortical,  though  the  converse  is  not  necessarily  true. 
In  man,  a  cortical  lesion  is  often  (not  always)  accom- 
panied by  a  flaccid  paralysis  with  no  Babinski  sign 
and  with  nr)rmal  or  diminished  reflexes  (see  cases 
quoted  by  Bergmark),  but  when  the  optic  thalamus 
and  internal  capsule  are  involved,  there  is  always 
marked  rigidity.  This  subject  has  been  referred  to 
in  the  preceding  chapter. 

It  is,  however,  true  that  irritation  of  the  cortex, 
such  as  may  be  present  just  after  a  traumatic  lesion, 
or  during  the  growth  of  a  tumour,  may  cause  early 
contracture,  so  we  should  regard  the  presence  of 
rigidity  as  an  equivocal  sign,  but  absence  of  rigidity 
as  evidence  of  a  cortical  lesion. 


The  frontal  cortex  lying  in  front  of  the  motor  region 
is  described  as  a  '  silent  area ',  and  extensive 
tumours,  degenerations,  or  injury  may  produce  few 
or  no  symptoms.  In  a  case  under  the  writer's  care,  a 
wound  one  inch  deep  into  the  brain,  from  the  vertex 
to  the  nose,  caused  by  a  chopper,  made  absolutely 
no  difference  to  the  woman's  character,  capacity, 
or  intelligence,  and  indeed  produced  no  symptoms 
at  all  beyond  concussion,  although  she  was  under 
observation  for  many  months.  In  the  famous 
American  crowbar  case,  where  a  large  part  of  the 
frontal  cortex  on  both  sides  was  destroyed,  there  was 
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no  paralysis,  but  on  returning  to  work  the  man, 
previously  a  capable  foreman,  had  become  weak, 
vacillating,  inattentive,  and  profane.  There  are 
quite  commonly  signs  of  mental  dullness  in  patients 
with  frontal  lesions.  In  cats  there  are.  after  excisions 
of  the  frontal  cortex,  changes  in  the  disposition, 
and  recently  acquired  tricks  may  be  lost. 

Stimulation  of  this  region,  in  Sherrington  and 
Leyton's  anthropoid  apes,  produced  nothing  but 
deviations  of  the  eyes  and  opening  of  the  lids. 
Similar  results  were  got  by  stimulating  the  occipital 
cortex. 

According  to  Sir  Victor  Horsley.  abscesses  of  the 
brain  involving  the  Rolandic  area  usually  lead  to  a 
raised  temi:)erature  on  the  opposite  side  of  the  body, 
whereas,  if  the  location  is  in  front  of  or  behind  this 
region,  the  temperature  is  subnonnal. 

APRAXIA. 

More  definite  evidence,  however,  is  now  available. 
There  are  a  number  of  carefully  studied  cases  on 
record  in  which,  with  no  actual  paralysis,  there  has 
been  a  remarkable  clumsiness  in  the  performance  of 
movements  requiring  any  skill,  and  in  which  the 
patient  has  been  quite  unable  to  make  some  movement 
voluntarily  or  in  response  to  command,  although  he 
may  unconsciously  do  that  very  thing  under  the 
influence  of  emotion  or  by  accident.  This  condition 
is  called  apraxia.  It  is  most  convincing  when  it  is 
unilateral.  Thus,  a  musician  may  lose  the  power  of 
plaving  his  instrument,  or  the  clerk  his  power  of 
writing.     In  Licpmann's  classic  case,  one  of  the  first 
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to  be  described,  there  was  apraxia  of  the  right  arm 
and  leg.  "  Asked  to  put  his  right  forefinger  on  his 
nose,  he  said, '  Yes',  and  with  his  stretched  forefinger 
executed  wide  circhng  movements  in  the  air.  He 
made  the  correct  movement  at  once  with  his  left 
hand.  Asked  to  close  his  right  hand  into  a  fist, 
he  performed  \'arious  absurd  movements  of  his  arm 
and  body,  but  attained  the  required  goal  at  once  with 
his  left  hand.  When  asked  to  give  the  examiner 
a  certain  object  with  his  right  hand,  he  frequently 
picked  up  the  wrong  thing,  and,  still  holding  it  in 
his  hand,  used  the  left  to  take  up  the  required  object 
and  present  it  to  the  physician  ".  A  patient  of  de 
Buck's,  asked  to  lift  her  right  ann,  crossed  it  over 
her  body,  put  it  in  her  left  axilla,  and  after  making 
various  other  vigorous  but  futile  efforts,  said  plain- 
tively, "  Je  comprends  bien  ce  que  vous  voulez, 
mais  je  ne  parviens  pas  k  le  faire  "  :  this  just  expresses 
the  condition. 

In  some  of  the  cases,  there  is  imperfect  recognition 
of  objects  or  of  their  uses  (agnosia),  but  these  are 
complicated  and  cannot  be  described  here. 

It  is  an  important  fact  that  apraxia  of  the  left 
arm  is  common  in  right  hemiplegics,  whereas  apraxia 
of  the  right  arm  rarely  occurs  in  left  hemiplegics  ; 
moreover,  in  the  cases  where  there  is  apraxia  of  the 
left  side  with  hemiplegia  of  the  right,  there  is  evidence 
that  the  lesion  is  cortical,  not  in  the  internal  capsule. 
Thus  Liepmann  examined  eighty-three  hemiplegic 
patients,  \vith  these  results  : — 

Forty- two  had  left  hemiplegia  ;  they  could  nearly- 
all  obey  directions  with  the  right  arm. 
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Forty-one  had  right  hemiplegia  ;  of  these.  20  had 
apraxia  of  the  left  arm,  and  14  in  this  group  also 
had  aphasia  (therefore  the  lesion  was  cortical)  ;  21 
had  no  apraxia,  ana  of  these  only  4  had  aphasia  (in 
most  of  the  other  17  cases  the  lesion  was  probably  in 
the  internal  capsule). 

Of  course,  as  left-handed  persons  form  one- 
twentieth  of  the  community,  it  is  possible  to  find  a 
few  cases  of  left  hemiplegia  with  right  apraxia. 

There  is  good  ground,  then,  for  believing  that  the 
centres  which  consciously  initiate  voluntary  move- 
ments for  both  sides  of  the  body  are  limited  to  the 
left  cortex    in    right-handed   people,   and   that  the 
precentral   convolutions    are    merely   the   departure 
platforms  for  messages  from  the  brain  to  the  cord. 
Instructions  are  sent  to  the  right  precentral  convolu- 
tion by  way  of  the  corpus  callosum.     It  is  still  in 
doubt  whether  the  above-mentioned  initiating  centre 
is  in  the  left  precentral  gyrus,  or  whether  it  lies  in 
Jront  oj  this,  in  the  first  and  second  frontal  convolu- 
tions,  as  most   neurologists   maintain.     It   is  quite 
certain  that  a  lesion  of  the  front  part  of  the  corpus 
callosum  is  characterized  by  apraxia  of  the  left  arm ; 
this  important  discovery  may  well  lead  to  successful 
surgical  removal  of  tumours  there  situated.     A  lesion 
in  the  left  frontal  cortex  may  cause  apraxia  of  both 
arms;    there  will  probably  be  right  hemiplegia  as 
well,  which  would  mask  the  condition  in  the  right 
arm. 

To    sum    up,    a    lesion    is    cortical    if    there    are 
present : — 

I.  A  monoplegia. 
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2.  Hemiplegia  with  cither  {a]  Aphasia  which 
persists  ;  {h)  Recurring  convulsions  ;  (r)  Flaccidity  ; 
((/)  Apraxia  of  the  opposite  side. 

Left-sided  apraxia  without  hemiplegia  indicates  a 
lesion  of  the  corpus  callosum. 

APHASIA. 

The  various  types  of  aphasia  have  always  present'  1 
problems  of  great  complexity  but  of  much  interest. 
Recent  studies  of  the  subject  have  been  very  revolu- 
tionary in  their  tendency.  We  used  to  learn  that 
there  were  three  main  centres  for  the  ap^^reciation 
and  utterance  of  language,  namely  : — 

1.  The  motor  centre,  controlUng  utterance,  in 
Broca's  convolution  (the  third  left  frontal). 

2.  The  auditory  word  centre,  apprei  lating  spoken 
language,  in  the  posterior  part  of  the  second  left 
temporal  convolution.  This  was  also  regarded  as 
dominating  and  being  necessary  for  the  activity  of 
the  other  two  centres. 

3.  The  visual  word  centre,  appreciating  written 
language,  in  the  left  angular  gyrus,  behind  and  above 
the  auditory  word  centre. 

Recently,  however,  the  searching  analyses  of  Marie 
and  his  pupils  have  raised  ver>'  grave  doubts  about 
the  first  and  third  of  the  above,  and  many  neuro- 
logists have  agreed  that  Broca's  convolution  has  no 
speech  function  at  all ;  ver>'  few  now  defend  the 
existence  of  a  separate  visual  word  centre. 

Briefly,  the  contention  of  Marie  and  Moutier  may 
be  put  thus.  Between  1861  and  iqob,  there  have 
been  published  304  cases  of  aphasia  with  autopsy. 
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Of  these  201   wore  useless  and    103   were  relevant. 

Uietess        "-•■^'<»''   too  cxlensivc  .         .  .    ,_, 
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The  majority  even  of  the  nineteen  cases  allowed 

by   these  writers  they  consider   to   be  inconclusive 

tor  various  reasons. 
Two  cases  of  Burckharfs  are  of  sufficient  surgical 

interest  to  be  worth  quoting.     In  the  first,  he  removed 

5  gnns,  of  grey  matter  from  the  foot  of  the  first  and 
second    left    temporal   gyri.    but    no    word-deafness 
resulted.     Eight  months  later  he  resected   the  cap 
and   foot   of   the   left   third   frontal  gyrus   (Broca's 
convoluMon),  but  no  aphasia  followed.     In  the  second 
case    he    resected,    in    several    operations,    the    left 
supramargmal,    temporal,    and    third    frontal    gyri 
but    ho   failed   to   induce  any  s{x;cch   defect.     The' 
patients  were  demented,  with  verbal  delusions  and 
logorrhoea. 

Sherrington  and  Leyton  removed  Broca's  area 
in  a  particularly  vociferous  chimpanzee,  but  the 
operation  did  rot  quiet  it  at  all. 

Marie   m.iintains    further    that    ail   patients    with 
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aphasia  are  mentally  deficient  ;  thus,  the  cook  can 
no  longer  compound  an  omelette,  and  the  pianist 
can  no  longer  play  the  piano.  He  locates  all  the 
sf)eech  functions  diffusely  in  the  left  temporo- 
parietal region,  maintaining  that  this  is  merely  a 
region  of  intelligence  specialized  for  language,  and 
not  a  storehouse  of  sensory  images  ;  a  mild  lesion 
destroys  the  function  last  acquired,  viz..  reading, 
and  a  severer  lesion  produces  loss  of  voluntary 
s|x;ech  and  of  recognition  of  s|)oken  language  as  well. 
What  Marie  calls  '  anarthria  ' — a  word  previously 
used  in  another  sense — meaning  loss  of  the  power  to 
utter  speech,  although  the  individual  can  say  the 
words  over  to  himself,  is  due  to  a  lesion  in  '  the 
quadrilateral  ',  bounded  in  front  and  behind  by  the 
anterior  and  posterior  limiting  sulci  of  the  island  of 
Rail,  internally  by  the  wall  of  the  lateral  ventricle, 
and  externally  by  the  surface  of  the  island  of  Reil. 
In  most  cases  of  so-called  Broca's  aphasia,  both  the 
temporal  cortex  and  the  '  quadrilateral  '  are 
injured. 

Defenders  of  the  classical  view,  Dejerine  in  par- 
ticular, have  replied  by  advancing  fresh  cases  with 
a  lesion  in  Broca's  g>'rus  with  aphasia  resulting  ; 
they  contend  that  Marie's  '  quadrilateral '  contains 
the  projection  fibres  of  the  third  frontal  convolution, 
which  in  their  view  explains  the  anarthria  ;  and  they 
maintain  that  most  of  the  fifty-seven  cases  of  aphasia 
in  which  Broca's  convolution  was  intact  were 
associated  with  much  defect  in  understanding 
language  spoken  or  written,  and  that  the  lesion  was 
one  of  the  dominant  auditory  word  centre  in  the 
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temporal  lobe,   without  which   Broca's  convolution 
cannot  work. 

If  it  were  proved  that  in  cases  of  apraxia,  prev^iouslv 
referred  to,  the  lesion  was  in  the  first  frontal  con- 
volution for  the  legs,  and  in  the  second  frontal  for 
he  arms,  the  location  of  speech  just  in  front  of 
the  motor  centres  for  the  face  and  mouth  would 
receive  strong  supporc  by  analogy,  but  all  this  is 
stm  very  uncertain. 

To  sum  up,  we  may  express  current  opinion  bv 
accepting  the  existence  of  a  large  diffuse  centre  in 
the  left  temporoparietal  region  in  which  recognition 
of    spoken     and     written     language   and    '  internal 
speech      take  place  ;    when  it  is  seriously  damaged 
hese  are  all  lost  and  the  intelhgence  is  impaired. 
Whether   there  is  a   special   departure   platform  in 
Broca  s  convolution  for  uttering  speech  is  uncertain 
but  probably  there  is.      Lesions  of  the  projection 
fibres  from    the   cortex  ( ?  of   Broca's   convolution) 
wiU  cause     anartliria  ',   tliat  is,  loss  of  external  but 
not  of  internal  speech. 

Practical  deductions  are,  not  to  trust  aphasia  as 
conclusive  locahzing  evidence  of  a  lesion  in  the  left 
chird  frontal  g>rus,  but  rather  to  look  to  the  temporal 
region    especially  if  there  is  any  defective  apprecia- 
tion of  what  IS  said  or  written:  patients  with  left 
temporosphenoidal  abscess,   for  instance,  are  usuaUy 
unable  to  name  correctly  objects  shown  them    More- 
over, we  .ire  encourage.l  to  believe  that  there  is  no 
need  to  fear  that  small  cortical  injuries  inflicted  by 
the  surgeon  will  cause  aphasia  ;    subcortical  injuries 
are    much    more   hkely    to    do    so,    by   cutting   off 
projection  fibres.  ^ 
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MISLEADING     LOCALIZING     SIGNS     O  'ITRA- 

CRANIAL     TUMOUR. 

It  is  /ery  disappointing  when  definite  signs  usually 
regarded  as  of  importance  in  localization  give  colour 
to  a  diagnosis  as  to  the  position  of  a  cerebral  tumour, 
but  on  the  operation  table  nothing  is  found  in  that 
region.  It  is  more  than  disappointing,  because  un- 
successful attempts  to  find  the  ^umour  are  more  fatal 
than  actual  removals.  Some  study  therefore  of  the 
physiology  of  the  production  of  misleading  signs  may 
be  useful. 

The  principal  traps  are  furnished  by  the  following  : 

1.  Cranial  Nerve  Palsies.— Paralysis  of  one  or 
both  sixth  cranial  nerves  is  quite  common,  and  by 
no  means  proves  that  the  nerve  itself  or  its  nucleus  is 
involved  in  the  lesion.  It  has  been  accounted  for  by 
stretching,  due  to  a  supposed  backward  displacement 
of  the  whole  brain  late  in  the  development  of  a 
growth  ;  the  abducent  nerves  run  straight  forwards 
and  are  slender,  so  the  first  sign  of  the  displacement 
is  a  convergent  squint. 

Other  cranial  nerves,  including  the  third,  fifth, 
seventh,  and  eighih,  are  occasionally  affected  by  dis- 
placements of  the  brain  or  by  pressure. 

2.  Localized  or  General  Convulsions.— Mis- 
takes are  particularly  apt  to  arise  if  the  fit  starts  in 
some  definite  area,  follows  a  slow  and  orderly  march 
to  other  areas,  and  perhaps  affects  only  one  side, 
consciousness  being  lost  late  if  at  aU  (Jacksoniaii 
epilepsy).  It  must,  however,  be  remembered  that 
all   this  may   occur   without   any  obvious  cortical 
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lesion  ;    indeed,  the  commonest  cause  of  a  localized 
convulsion  is  ordinary  idiopathic  epilepsy. 

Again,  localized  or  general  convulsions  may  give  a 
wrong  impression  when  arising  late  in  the  course  of 
an  ir.tracranial  tumour  or  abscess,  especially  if  it 
presses  on  tiie  ventricular  system  of  the  brain  and 
dams  back  the  cerebrospinal  fluid,  causing  hydro- 
cephalus. The  accumulation  of  fluid  in  one  or  both 
lateral  ventricles  stretches  the  overlying  cortex,  and 
may  give  rise  to  fits,  sometimes  of  a  Jacksonian 
type. 

3.  Bilateral  Spastic  Paresis. — In  many  cases  a 
hint  is  given  of  the  true  nature  of  these  seizures  by 
the  presence  of  a  sHght  degree  of  bilateral  s{)astic 
paresis,  with  clumsiness  of  movement,  exaggerated 
reflexes,  extensor  plantar  response,  and  a  little 
rit,'idity. 

Of  course,  if  this  should  chance  to  be  associuitd 
with  paralysis  of  a  cranial  nerve,  such  as  the  sixth, 
the  temptation  to  diagnose  a  lesion  of  the  pons  would 
be  very  great.  Fortunately,  this  would  not  be  of 
much  surgical  importance,  as  the  pons  is  not  an 
accessible  stiucture.  Pontine  tumours  are  often 
unilateral,  and  optic  neuritis  is  usually  absent  ; 
whereas  in  the  class  of  cases  we  are  now  considering, 
optic  neuritis  is  marked  and  old-standing,  and  there 
is  a  long  history  of  headache,  vomiting,  or  other  signs, 
previous  t<>  the  development  of  spasticity  or  cranial 
ner\e  palsy. 

In  other  cases,  misleading  locahzing  signs  may 
arise  from  patches  of  secondary  thrombosis,  spreading 
tedema,  or  meningitis  ;  but  none  oi  these  is  common. 
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The  suspicious  feature  about  <Ul  the  si^ns  here 
mentioned  is  their  late  development.  Localizing 
symptoms  appoariiiK  when  headache,  vomiting,  .,ptic 
neuritis,  or  other  evidences  have  been  present  for 
months  or  years  are  Httle  to  be  trusted.  Early 
localizing  signs,  on  the  other  hand,  are  tmstworthy 
in  the  main.  Tiure  is  a  condition  called  serous 
meningitis,  specially  affecting  the  cerebellar  region, 
uhicf  may  be  most  misleading.  It  is  apt  to  get 
well  in  time. 

A  few  words  may  be  said  about  the  significance 
of  ata.xia  This  is  of  course  evidence  ot  a  lesion  ol 
the  cerebelluni,  but  it  may  be  seen  in  other  conditions 
also.  Putting  aside  ataxia  due  to  affections  of  the 
labyrinth,  Friedreich's  ataxia,  and  other  general 
nervous  diseases,  it  may  also  be  caused  by  a  tumour 
m  the  neighbourhood  of  the  red  nucleu^  in  the 
isthmus,  or  in  the  pons. 

OPTIC     NEURITIS. 
It  has  long  been  in  doubt  why  optic  neuritis  should 
develop  in  cases  of  cerebral  tumour.     It   has  been 
attributed  to  the  effects  of  chrome  meningitis,  and 
to  over-filling  of  the  third  ventricle,  with  consequent 
pressure   on   the   underiymg   optic   chiasma.      it   is 
now   definitely   established    by    the    experimtnis   of 
Gushing    and    Hordley,    and    confirmed    by    clinical 
experience,  that  it  is  a  pressure  effect.     The  growtli 
of  the  neoplasm  causes  a  great  and  continued  rise 
of  intracranial   pressure;     ili.-s  tends   lo  dam   back 
the  iymph-How  returning  m  tli-  sheatli  ot  the  optic 
ne;ve.     The  usual  consequence  of  lymphatic  obstnic- 
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tion  is  produced,  namely,  (edematous  swelling  of  the 
ar.-a  drained.  So  the  optic  cup  fills  up.  the  disc  is 
obscured  by  transudate,  and  the  vessels  are  buried 
from  view  in  the  oedema  fluid.  All  this  may  be 
exactly  reproduced  by  intracranial  pressure  in  dogs, 
and  when  the  pressure  is  removed,  restitution  to 
normal  takes  place. 

Several  methods  of  raising  the  intracranial  pressure 
were  emploved,  the  best  results  being  obtained  by 
the  insertion  of  spongo-tent  material  inside  the 
skull.  Swelling  and  cedema  of  the  disc,  tortU(jsity 
of  the  veins,  and  ovcr-distention  of  'he  lymph- 
sheath  around  the  optic  nerve  were  aU  marked. 
Relief  (it  the  pressure  rapidly  cured  them. 

Although  we  use  the  conventional  term  '  neuritis  ', 
the  histological  changes  are  not  those  of  inflammation. 
For  instance,  there  i>  no  arterial  hypera^mia,  and 
the  pnncii)al  infiltration  is  with  cells  of  connective- 
tissue  origin,  not  leucocytes. 

Further,  it  iias  ben  stated  by  many  observers, 
and  recently  defended,  with  all  his  great  authority 
and  e.xpenencc,  by  Sir  X'lctor  H<irsle>  ,  that  the  degree 
of  the  neuritis  in  the  two  eyes  is  a  most  reliable 
guide  as  to  the  sid-.>  of  tiie  tumour.  It  is  not  so  much 
the  amount  of  swelling  that  is  to  be  taken  into 
account  as  the  age  and  extent  of  the  changes.  These 
nearly  alwa\s  commence  at  the  up^ier  nasal  quadrant 
of  the  disc.  Thus,  optic  neuritis  best  marked  in  the 
right  eye  is  of  great  value  in  pointing  to  a  right-sided 
tumour.  The  further  forward  the  tumour,  the  more 
constant  does  this  rule  become. 

It  is  well  known  that  even  if  a  cerebral  tumour 
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cannot  be  localized,  palliative  trephining  should  be 
performed  to  relieve  headache  and  save  the  sight. 
If  this  is  undertaken  early,  the  optic  neuritis  passes 
off.  As  the  tentorium  transmits  pressure  badly, 
the  trepliining  should  be  in  the  temporal  region  for 
supratentorial  tumours,  and  in  the  occipital  region 
for  cerebellar  tumours. 

Another  valuable  observation  which  we  owe  •  > 
Gushing  is  that  raised  intracranial  pressure,  par- 
ticularly by  cerebral  tumour,  mduces  a  considerable 
limitation  of  the  field  of  vision  for  blue  ;  mdeod, 
there  may  be  actual  blue-blindness. 

THE    CEREBELLUM. 

We  have  been  in  urgent  need  of  some  improveimnt 
in  our  means  of  localizing  tumours  and  abscesses 
in  the  cerebellum.  During  i  period  of  ten  years  at 
the  Bristol  Royal  Infirmary  there  were  eight  cases 
of  temporosphenoidal  abscess,  all  of  which  wt-re 
successfully  diagnosed,  and  ten  cases  of  cere- 
bellar abscess,  of  which  onlv  three  were  correctlv 
located  ;  in  three  of  these  ten  cases  the  cerebrum 
was  explored  in  vain,  and  in  two  the  lateral  sinus 
was  thought  to  be  the  cause  of  the  symptoms.  It 
remains  to  bo  seen  how  far  the  fresh  light  recentlv 
thrown  on  the  subject  and  herein  set  forth  wnl 
help  us  to  obtain  materially  better  results. 

Sir  Victor  Horsley  and  R.  H.  Clarke  have 
revised  our  knowledge  of  the  functions  and  relation- 
ships of  the  cerebellum  by  an  mgenious  method. 
Reconstructions  of  a  monkey's  head  have  been  made 
by  cutting  frozen   sections  and   then   piecing  them 
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together  again  ;  by  this  means  it  was  possible  to 
build  a  frame  of  metal  to  fit  about  the  head  of  a 
living  monkey,  carrying  an  insulated  needle  which 
could  be  thrust  through  a  small  trephine  hole  into 
any  desired  portion  of  the  cerebellum,  its  cortex, 
or  its  deep  nuclei  (roof  nuclei),  the  exact  position  of 
the  point  of  the  needle  having  been  determined  by 
a  study  of  the  head  reconstructed  from  the  frozen 
sections.  By  this  means  various  parts  could  be 
stimulated  electrically  without  doing  any  but  the 
slightest  damage  to  the  overlying  structures  ;  more- 
over, by  passing  in  a  strong  current  and  using  a 
double  needle  shielded  nearly  to  the  points,  small 
electrolytic  lesions  either  of  the  cortex  or  of  the 
roof  nuclei  could  be  made,  and  the  resulting 
degenerations  studied  by  suitable  staming  some 
weeks  afterwards. 

The  general  result  was  to  jirove  that  the  cortex 
ccrobclli  is  a  receiving  platform,  and  that  its  axons 
merely  pass  to  the  roof  nuclei,  from  which  the  efferent 
tracts  start.  Stimulation  of  the  cerebellar  cortex  by 
ordinary  currents  jiroduces  no  obvious  response  ; 
stimulation  of  the  roof  nuclei  causes  movements  of 
the  eyes  and  sometimes  of  the  limbs.  We  see  here 
the  reason  why  laterally  situated  tumours  or  abscesses 
lie  so  quiet. 

The  classic  signs  of  a  lesion  of  the  cerebellum, 
determined  both  by  physiologists  and  by  clinicians, 
are  the  following  :  —  (i)  Ata.xia ;  (2)  Atonia  ; 
(3)  .\sthenia  ;  (4)  Tremor  .  these  all  affect  the  same 
side  as  the  lesion  ;  v."))  Nystagmus  ;  (6)  Vertigo. 
I.  A/uxia.~This,  one  of  the  most  constant  signs. 
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is  easily  detected  if  the  patient  is  able  to  walk. 
When  he  is  in  bed,  it  may  be  brought  out  by  making 
him  try  to  pronate  and  supinate  rapidly  for  a  minute 
or  two  ;  or  to  make  and  unmake  a  fist  quickly,  over 
and  over  again.  This  sign  (adiadochokiiicsis)  is  the 
more  convincing  if  it  is  unilateral. 

2.  Aionia  is  very  variable  ;  the  knee-jerks  may 
be  absent,  normal,  or  excessive,  and  may  change 
day  by  day.  It  depends  on  the  degree  uf  inter- 
ference with  the  refle.K  path  for  muscular  tone, 
described  in  the  previous  chapter. 

3.  Asthenia  may  be  evidenced  by  weakening  of  the 
grip,  tendency  to  fall,  or  drooping  of  the  head  on  the 
. effected  side.     It  is  not  very  constant. 

4.  Tremor  is  only  occasionally  in  evidence. 

5.  Nystagmus. — These  curious  jerkings  of  the  eyes 
are  of  considerable  importance  in  the  diagnosis  ot 
cerebellar  affections,  because,  although  seen  in  such 
conditions  as  disseminated  sclerosis,  they  are  very 
unusual  with  localized  intracranial  tumours.  Un- 
fortunately they  are  not  constantly  present  even 
when  the  lesion  is  in  the  cerebellum,  and,  on  the 
other  hand,  are  usually  to  be  observed  in  patients 
with  disease  of  the  labyrinth  (vestibule  and  semi- 
circular canals).  Seeing  that  most  cases  of  cerebellar 
abscess  follow  otitis  media,  it  has  been  very  difficult 
to  be  certain,  in  the  past,  whether  any  nystagmus 
in  a  patient  with  a  suppurating  ear  was  due  to  the 
labyrinth,  or  the  cerebellum,  or  both. 

B.irany,  of  Vienna,  has  shown  that  it  is  possible 
to  mduce  nystagmus  in  a  normal  person  by  stimu- 
lating the  labynnth.     This  may  be  done  either  by 
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rotating  the  patient,  or  by  allowing  hot  or  cold  (not 
tei)i(l)  water  to  trickle  in  as  far  as  the  membrana 
tynipani.  Hot  water  in  the  right  ear  causes  a 
nystagmus  in  which  the  eyes  slowly  turn  to  the  left 
and  are  corrected  by  rapid  jerkings  to  the  right  ; 
with  cold  water  the  rapid  jerkings  would  be  to  the 
left. 

If  a  })atient  with  a  suppurating  car  has  nystagmus, 
and  it  is  desired  to  Know  whether  this  is  due  to 
affection  of  the  labyrinth  or  of  the  cerebellum,  hot 
or  cold  water  should  be  injected  to  see  if  the  nystagmus 
can  be  reversed  in  direction.  If  it  can,  the  labyrinth 
cannot  be  at  fault  :   it  must  be  the  cerebellum. 

Again,  a  patient  with  severe  vertigo  following  on 
otitis  media  may  be  suffering  from  labyrinthitis  or 
from  cerebellar  abscess.  If  injection  causes  no 
nvstagmus,  the  labyrinth  is  destroyed. 

The  signs  of  a  cerebellar  lesion  have  recently  been 
re-investigated  by  Gordon  Holmes,  using  war 
material.  His  observations  confirm  the  above  de- 
scription in  the  main.  He  points  out  that  if  the 
patient  is  asked  to  push  against  resistance,  and 
the  resistance  is  suddenly  removed,  the  cerebellar 
case  will  'follow  through',  but  a  normal  person 
almost  immediately  checks  the  movement  of  his 
arm. 

TUMOURS    IN    THE    CEREBELLOPONTINE 

ANGLE. 

This   is   a   very   common    location    for   cerebellar 

tumours,  and  a  comparatively  favourable  one  for 

surgery,  seeing  that  in  many  instances  the  growth 
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is  simple,  and  can  l)e  enucleated  without  recurrence. 
Unfortunately,  the  operative  mortality  has  been  very 
high,  about  50  per  cent.  Allen  Starr  finds  in  the 
literature  sixty-nine  cases  cured  by  removal.  In 
many  of  these  there  was  restoration  to  j^ood.  in  some 
to  perfect,  health.  Diagnosis,  therefore,  becomes 
peculiarly  important. 

In  addition  to  the  signs  mentioned  above,  certain 
nerve-root  symptoms  may  develop,  and  the  {)ons  may 
be  pressed  on.     Mental  trouble  is  quite  unusual. 

We  may  classify  the  evidence  as  follows  : — ■ 

1.  General :  headache,  vomiting,  optic  neuritis, 
slow  pulse,  blue-blindness,  ])erhaps  convulsions. 
The  headache  is  usually  suboccipital,  and  there  may 
be  stiffness  of  the  neck. 

2.  Cerebellar  signs :  staggering,  vertigo,  ataxia, 
weakness,  tremor,  and  perhaps  absent  knee-jerk  ; 
these  may  be  unilateral,  on  the  same  side  as  the 
growth.  Nystagmus.  Cerebellar  symptoms  do  uoi 
usually  appear  for  about  a  year. 

3.  Nerve-root  symptoms  affecting  the  same  side  : 
pressure  on  the  filth,  with  corneal  anaesthesia  and 
loss  of  reflex,  and  weakness  of  jaw  musclef  ;  jjressure 
on  the  sixth,  with  internal  strabismus  ;  pressure  on 
the  seventh,  with  facial  weakness  ;  nessure  on  the 
eighth,  with  tinnitus,  loss  of  peiception  for  upper 
notes  (tested  by  Galton's  whistle),  or  absolute  deaf- 
ness ;  pressure  on  the  ninth,  tenth,  and  eleventh, 
with  dysphagia,  laryngeal  palsy,  cardiac  attacks, 
etc.  ;  pressure  on  the  twelfth,  with  deviation  of 
the  protruded  tongue.  Of  these,  the  facial  and 
auditory  nerves  are  most  often  affected,  there  being 
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compk'tf  unilateral  dnafncss  in  most  of  the  cisos. 
In  cerebellar  tmnoiirs  these  two  nerves  may  be 
mterfercd  with,  but  not  to  any  considerable  degree. 

It  is  a  very  ini]K)rtant  point  that  in  the  cases 
f.ivourablc  for  surf,'ery  the  signs  of  involvcnnnt  of 
the  eighth  nerve  precede  all  the  other  symptoms. 
There  is  great  lowering  of  irritability  to  Barany's 
tests,  <-v('n  if  some  hearing  is  preserved. 

4.  Pressure  on  the  pons,  causing  crossed  hemiplegic 
weakiu'ss,  with  exaggerated  reflexes  and  extensor 
resjwnse. 

The  cases  may  live;  for  years,  but  there  is  a 
liability  to  sudden  ileath  by  crowding  of  the  cere- 
bellum down  through  the  foramen  magnum. 

The  symptoms  may  vary  much  from  time  to  time, 
on  account  of  circulatory  changes. 

A  serous  meningitis  of  the  same  region  sometimes 
occurs,  and  may  mimi<  the  symptoms  only  too 
accurately. 

Gushing  has  been  able  to  reduce  his  operative 
mortality  to  20  per  cent  by  better  ri  ■;ognition  of 
the  early  cases  arising  on  the  eighth  nerve,  and  by 
his  procedure  of  making  a  bilateral  removal  of  the 
occipital  bone. 

THE     Cl-RnBROSPINAL     FLUID. 

This  fluid  is  clear,  '  atery,  and  of  low  specific 
gravity  ;  i*^  contains  almost  no  albumin,  but  some 
sugar.  Until  recently  this  reducing  .substance  was 
thouglit  to  be  a  jwrocatechin  body.  It  contains  no 
cells  in  health,  nor  does  it  contain  the  antitoxins, 
opsonins,   or   alexins   which   are    present   in   plasma. 
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lymph,  and  most  serous  fluids.  This  explains  the 
great  liability  to  septic  meningitis  after  injuries  to 
or  operations  on  the  central  nervous  system.  As 
urotropino  is  excreted  into  the  cerebrospinal  fluid 
when  given  by  the  mouth,  it  may  usefully  he  admin- 
istered to  prevent  septic  complications  such  as  the 
above,  or  following  on  suppurative  otitis  media. 
Some  success  is  claimed  ior  this  procedure. 

The  fluid  is  secreted  by  the  choroid  plexus  into  the 
lateral  and  third  ventricles  ;  it  passes  by  the  Sylvian 
aqueduct  into  the  fourth  ventricle,  escapes  by  the 
foramina  in  the  roof  into  the  subarachnoid  space, 
and  is  absorbed,  partly  by  the  aid  of  the  Pacchionian 
bodies,  into  the  superior  longitudinal  sinus  and  other 
veins.  Hydrocephalus  is  produced  by  blocking  of 
the  foramina  in  the  roof  of  the  fourth  ventricle.  If 
an  exit  is  provided,  large  quantities  of  cerebrospinal 
fluid  may  be  lost  daily. 

Lumbar  puncture  is  a  very  valuable  aid  to  dia- 
gnosis in  various  forms  of  meningitis,  parasyphilitic 
aflections,  etc.,  and  the  fluid  may  be  blood-stained 
after  cerebral  liiEmorrhage  or  injury.  It  is  also 
valuable  in  treatment  as  a  means  of  reducing  intra- 
spinal and  intracranial  pressure,  particularly  if  the 
trouble  Ues  below  the  tentorium. 
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CHAPTER    XIV. 

THE    ACTION    OF    CUTANEOUS 
ANAESTHETICS. 

DRUGS    APPLIED    TO    THE    UNBROKEN    SKIN. 

IT  has  been  customary  to  relieve  abdominal  pain 
by  the  application  of  hot  fomentations  containing 
opium,  to  treat  sprains  and  bruises  with  lead  and 
opium,  and  to  smear  on  glycerin  of  belladonna  for 
the  discomfort  of  white  leg.  What  dyspeptic  old 
lady  has  not  worn  a  belladonna  plaster  over  h"r 
heart,  and  what  practitioner  has  not  prescribed  a 
belladonna  liniment  for  vague  aches  and  pains  ? 
The  rationale  of  the  treatment  has  been  that  bella- 
donna, opium,  and  menthol  are  alleged  local 
an;esthetics.  and  it  is  further  supposed  that  they  are 
absorbed  by  the  unbroken  skin.  The  truth  is  that 
they  are  not  local  anaesthetics,  and  that  they  are 
scarcely  if  at  all  absorbed  through  the  unbroken 
skin.  Neither  aconite,  cocaine,  carbolic  acid,  bella- 
donna, nor  opium  has  any  power  to  relieve  pain 
when  applied  to  normal,  healthy  skin. 

It  has  been  well  said  that  "  You  have  not  proved  a 
he  to  be  a  lie,  until  you  have  shown  how  it  came  to 
be  beaeved".  This  is  very  true  in  science,  and 
especially  in  medical  science.  The  use  of  belladonna 
and  opium   to   relieve   local   pain   was   an   obvious 
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deduction  from  their  great  power,  when  given  by  the 
mouth,  to  reh*eve  general  pain  by  inducing  sleep  or 
allaymg  colicky  contractions.  In  the  case  of  bella- 
donna and  its  alkaloid  atropine,  the  fallacy  was  the 
more  natural  in  that  they  have  a  genuine  effect 
in  paralyzing  nerve-endings,  but,  unfortunately,  it  is 
only  the  efferent  nerve-endings  in  glands  and  unstriped 
muscle  that  are  paralyzed,  not  the  sensory  twigs  in 
the  skin. 

The  fallacy  has  been  maintained  by  the  practice  of 
combining  these  u.ugs  with  other  and  more  potent 
treatment  ;  thus,  belladonna  is  given  with  counter- 
irritants  such  as  camphor  or  alcohol  ;  warmth  may 
be  applied  with  the  opium  ;  friction  helps  the  bella- 
donna liniment  to  keep  its  reputation,  and  even  the 
support  of  the  strapping,  with  counter-irritants  in 
it,  assists  the  patient  to  believe  in  the  value  of  a 
belladonna  plaster. 

We  may  go  one  step  further,  and  say  that  the 
application  of  opium  and  belladonna  to  mucous 
membranes  is  equally  futile.  There  is  no  evidence 
that  opium  suppositories  after  the  operation  for 
piles,  or  laudanum  dropped  into  aching  ears,  have 
any  direct  local  effect.  Of  course,  morphia  may  be 
absorbed  from  the  suppository,  but  in  that  case  it 
presents  no  advantage  over  a  dose  given  by  mouth 
or  hypodermically,  and  is  less  certain  in  its  action. 

To  sum  up,  there  is  no  drug  in  common  use  capable 
of  acting  as  an  anaesthetic  on  the  unbroken  skin, 
e.Kcept  ether  and  ethyl  chloride,  whk  ii  freeze  it,  and 
the  only  drugs  which  relieve  deep-seated  pain  when 
painted  on  or  rubbed  into  the  skin  are  the  counter- 
irritants. 
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Full  details  of  the  experimental  data  for  these 
conclusions,  which  are  accepted  by  the  leading 
pharmacologists,  will  be  found  elsewhere.  Briefly, 
the  methods  adopted  were  as  follows. 

Strong,  even  dangerously  '^';rong,  solutions  and 
ointments  containing  opium,  atropine  or  belladonna, 
aconite,  cocaine,  carboUc  acid,  and  menthol  were 
rubbed  into  the  skin  of  the  iin'^er,  and  on  the  tongue, 
and  these  were  then  examimd  to  see  if  their  sensi- 
bihty  was  in  any  way  altered.  The  methods  of 
examining  the  skin  of  the  finger  were  as  follows. 
Each  test  was  applied  on  more  than  one  observr-r 
and  after  varying  intervals  of  time. 

1.  The  Intolerable  Temperature  Test. — For  each 
observer  there  was  a  certain  constant  temperature 
which  was  just  not  intolerably  hot  when  the  finger 
was  dipped  into  warm  water  for  half  a  minute. 
This  was  determined  before  and  after  applying  the 
drug  under  consideration. 

2.  The  Faradic  Pain  Test.— The  strength  of  current 
was  determined,  before  and  after  the  appUcation  of 
each  drug,  at  which  the  damp  finger  first  found 
electrical  stimulation  by  means  of  electrodes  led 
off  from  a  faradic  coil  actually  painful,  the  current 
used  being  small  at  first  and  gradually  augmented. 

3.  Thermal  Discrimination  Test. — We  found  that 
we  were  able,  by  immersing  the  finger  first  in  one 
l^eaker  of  warm  water  and  then  in  another,  to  detect 
a  difference  in  temperature  of  not  less  than  one  degree. 
Tlxis  was  tested  before  and  after  the  application  of 
each  drug. 

4.  General  Testing  by  means  of  a  pin  point,  the 
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asthesiometer,  a  wool  }iencil,  etc.,  was  also  used. 
In  testing  the  sensibility  of  the  tongue,  we  used  the 
faradic  pain  test  as  described  above  ;  we  examined 
thermal  discrimination  by  applying  warm  metal 
points  at  various  temperatures  ;  we  used  the  aesthesio- 
meter,  and  studied  the  effect  of  the  drugs  on  taste. 

Judged  by  these  standards,  the  various  drugs  fared 
as  follows  :— 

Opium.— \  5  per  cent  solution  of  morphine 
tartrate  in  water  had  no  effect  on  skin  or  tongue. 

Belladonna. — Very  strong  liniments  had  no  anaes- 
thetic effect.  Indeed,  if  they  had,  the  drug  could 
be  used  instead  of  cocaine  for  eye  surgery.  The  only 
sign  we  could  obtain  was  diminution  of  sweating 
over  the  skin  area  treated.  There  was  no  flushing 
or  blanching  of  the  skin  or  mucous  membrane. 

.1  coHi/e.— Neither  the  B.P.  hniment  nor  ointment 
had  any  effect  on  the  skin.  Solutions  produced 
tinghng  of  the  tongue,  but  we  were  not  quite  confident 
whether  there  was  or  was  nqt  a  little  reduction  in 
sensibility. 

Cocaine. — Strong  ointments  and  alcoholic  solutions 
had  no  effect  on  the  unbroken  skin.  Of  course,  if 
the  skin  is  damaged,  the  effect  is  marked.  A  lo  }ier 
cent  solution  ap})lied  to  the  tongue  produced  con- 
siderable reduction  of  sensibility,  by  all  our  tests. 

Menthol  produces  a  curious  stimulation  of  the 
nerve-endings  which  detect  cold,  as  is  well  known. 
A  discussion  of  its  other  actions  would  lead  us  too 
far,  but  any  anaesthetic  effect  is  purely  that  of  a 
counter-irritant. 

Carbolic  ActJ  rather  increases  the  sensitiveness  of 
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the  finger  to  painful  stimuli.  Its  uiviuubted  value 
in  relieving  toothache  is  due  to  its  caustic  action  in 
destroying  irritated  nerve-endings.  The  numb  feel- 
ing we  get  after  prolonged  soaking  in  i  in  20  carbolic 
is  due  to  the  formation  of  a  thin  coating  of  killed 
epidermis  over  the  hands. 

TIk;  fact  that  even  cocaine,  which  is  thoroughly 
proved  to  paralyze  sensory  nerves,  fails  to  produce 
the  slightest  effect  when  a  10  per  cent  solution  in 
alcohol,  or  a  10  j^er  cent  ointment  made  with  lanolin, 
is  rubbed  into  the  skin,  is  strong  evidence  that  little 
if  any  of  these  alkaloids  reaches  the  nerve-endings 
at  all.  Atropine  finds  its  way  into  the  sweat  ducts 
sufficiently  to  reduce  but  not  to  abolish  sweating 
by  its  action  on  the  sweat  glands.  It  is  true  that 
cases  of  poisoning  from  the  application  of  belladonna 
to  the  skin  are  recorded,  but  only  where  there  were 
abrasions  or  sores  present,  or  perhaps  in  young 
children  whose  skin  is  very  delicate. 

It  may  be  objected  that  there  is  sufficient  clinical 
evidence  of  benefit  from  these  drugs  to  defy  negative 
results  by  experimental  methods,  but  any  who  claim 
this  must  not  confuse  the  issue  by  combining  the 
b.^Uadonna  or  opium  with  camphor,  heat,  rest,  or 
strapping.  Again,  it  may  be  suggested  that  atropine, 
at  least,  has  some  vasomotor  effect,  but  we  failed 
to  observe  any,  and  indeed  we  doubt  if  it  ever  reaches 
the  blood-vessels  when  rubbed  into  the  unbroken  skin. 

It  is  a  thankless  task  to  pull  down  strongholds  ot 
belief,  but  it  is  necessary  if  only  to  direct  more 
attention  to  the  true  means  of  giving  relief  to  pain, 
including    general    drug    treatment,    rest,    massage, 
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counter-irritatio!),  heat,  and  passive  hyperaemia. 
Moreover,  a  recognition  of  the  failure  of  dnigs  saves 
useless  exj^enst',  and  may  banish  from  patients' 
houses  some  of  the  commonest  of  powerful  poisons. 
Belladonna  liniment,  for  instance,  has  been  respon- 
sible for  an  immense  number  of  alarms,  illnesses, 
and  even  fatalities. 

KEFEKENCE. 

A    Ri'NDU,  Short  and  Walter  Sai  isiuk'.  ,  IJntah  Medicml 
journul,  1910,  i,  p.  ^uq. 
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APPENDIX. 

ABSORPTION    OF     NITROGEN     FROM 
AMINO-ACIDS. 

We  have  made  se\eral  observations  on  patients  '  foil  ' 
with  nutrients  of  milk,  digested  with  pancreatic  extract  for 
twenty-four  hours  in  an  incubator,  so  as  to  convert  most 
of  the  protein  into  aminoacids.  Such  nutrient:i  arc  not 
irritating.  An  example  of  such  a  case  is  the  following 
(I  am  indebted  to  Mr.  P.  A.  Opie  and  to  Dr.  B\ waters 
for  some  of  the  analyses). 

Case  I. — A.  H.,  age  25,  female,  suffering  from  vomit- 
ing and  gastric  pain,  not  relieved  by  a  diet  of  peptonized 
milk,  was  put  on  nutrient  enemata  as  follows  : — 

March   28-29. — By  mouth  :    water. 

By    rectum  :     saline,     15    ounces    three 
times  a  day. 
March  2g~April  1. — By  mouth  :    water. 

By   rectum  :     (>   per  cent   glucose, 
I  ]Mnt  three  times  a  day. 
April   1-4. — By  mouth  :    water. 

By  rectum  :    milk  digested  for  t^vcnty-foi:r 
hours,  six  ounces  evciy  lour  hours. 
April  4. — By  mouth  :    peptonized  milk. 
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It  will  he  observed  th;it  instead  of  showing  the  usual 
stc.KJy  fall,  the  nitrogen  output  is  increased  during  the 
tlirce  ilays  of  feeding  on  aminoacids. 

Cask  II. — This  patient,  a  man,  was  fed  as  follows, 
the  daily  outjiul  of  nitrogen  in  the  urine  being  also 
shown  :  — 


('  . 


r.\  iiMuiii 

\\y  rrctum 

t  '^inr-  in' 

AmiU'.ni.i 
N  per  Lrnl i 

I'aily   output 

it    N  tu  uriiic 

iu  gr.iiTib 

April 

1 
1 

! 

2(.-27 

Milk 

Nil 

21 

1-4 

I4'3 

27-2S 

Water 

Siline 
1  Milk  pepto- 

19 

1                 1 

2-9       . 

IO-7 

28-29 

•• 

nized    2u 
^     miriut<;s ; 
'  5V  0  hourly 

f                 1 

■21      ! 

)                i 

3-5       ' 

1 

Ob 

29-3" 

,, 

,,             I 

20 

4-8       i 

6-8 

3^1 -May    i 

" 

Milk  pepto- 

10 

\ 

2-9       i 

! 

7-9 

May 
1-2 

•• 

nized   24 

hours,  ^,v 

0  hourly, 

witli  ,5j  of 

glucose 

1 
-10 

2-9 

7-2 

2-3 

> 

21 

30 

14-4 

3-4 

1  Pept. 
milk 

1  5^'  2- 

1 
) 

15 

3-7 

II-2 

4-5 

-       Nil 

23 

2-8 

161 

( hnurh 

1 

(    Milk 

) 

5-'' 

.=>vi]  2 
]  1  hourh 

Nil 

•  1 

54 

09 

13-7 

As  the  accompanying  cliart  shows,  the  absorption  and 
output  of  nitrogen  are  verv  considerably  increased  when 
the  milk  has  been  digested  with  pancreatic  extract  for 
twenty-four  hours.  The  increased  absorption,  as  usual, 
does  not  increase  the  output  for  about  twent^'-four 
hours. 
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y/z/A^.'/.-'/A  Nutrients  peptonized  20  minutes. 
—  Nutrients  peptonized  24  hours- 
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Sfn>-o,  ciiiiTiili'   ,.  ..  ..     :.'lj 

—  iiiiix'lt',    joint,    mill    tui'tili', 

palli  of     .  .  .  .         I'l  1 
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--  and  !<iiit%httrti  nil   .-nt  :iiieoiis 
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cdriL'etiital    I'Vlorii*   .-feiKwis 

-  dilal.itioii  and  tetany 

-  >li.(teiition  of 
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r^r-p'^'n  ^y-^I'l^O^'^  ^'V  Hkuukkt  French.  M.A..  M.D.  (Oxon. 
KH.Cl.  (I.ond.)  I'hysician  to  H.M.  Household.  Plrsician  and  Lecture 
'-ruy  s  Hospital.     TogetliL-r  with  JJ  Speci.al  Co.ntkihvtoks. 

This  work  aims  at  heinR  of  practical  utilitv  whenever  diffcuhv  arises  i 
decidm^  the  precise  cause  of  any  particular  symptom.  It  covers  the  who! 
Kround  of  Medicine  and  Surgery.  The  volume  deals  wi'h  Diagnosis  fror 
a  standpoint  winch  is  unique.  It  is  an  Index  in  that  its  articles  are  arrance 
in  alphabetic-xl  order;  it  is  a  work  upon  Plferential  Diagnosis  in  that  it  di< 
cusses  the  methods  of  distinguishing  between  the  various  diseases  in  wlixi 
each  individual  svmptom  may  be  observed.  Whilst  the  body  of  the  book  thu 
de.T,ls  with  Symptoms,  the  (ieneral  Inde.\,  containing  some  50,000  reference* 
gathers  these  togetlier  under  the  various  Diseases  in  which  they  occur 
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JAMKS  b.iKKKKN,  C.H.E..  F.K.C.S..  Surgeon  to  the  London  Hospital 
Together  with  S7  Si-eciai.  Contkhu'toks. 

A  complete  Guide  to  Treatment  in  a  form  convenient  for  reference. 


Secoutl  Edition. 


Revisrd  and  Enlarged.      Dcmv  8vo.      Cloth 
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AN    INDIZX    OF    PROGNOSIS   AND   END-RESULTS 

ul  ?/'  T!^'-,yf^"'-'^"r-,  •i-'it'^'J  kv  A.  Ren.,..e  S..OKT,  M.D..  H.S. 
H.Sc.  (LondO.  1'  K.C.S.  (Eng.),  Senior  .Assistant  Surgeon  Bristol  Kova 
Indrmarv;     lecturer  on  Surgery.   Uni\ersUv  of  Bristol.     In  conjunction  witli 

-'4    bI'i:ciAI,    CONTKIIUTORS. 

The  principal  aims  of  this  Volume  are  :  (1)  To  set  forth  the  Results 
and  particularly  the  ICndresults.  of  various  methods  of  Treatment  in  such  a 
form  as  will  enable  the  I'lactitioner  to  obtain  a  fair,  unbiassed,  reasoned 
opinion  as  to  the  prospects  of  securin-  for  his  patient  permanent  relief,  and 
he  risks  of  such  treatment;  (2)  To  furmsh  data  bv  means  of  which,  apart 
from  the  (luestion  o  Treatment,  one  mav  seek  to  arrive  at  an  accurate  forecast 
cf  wliat  will  probab!y  happen  to  the  individual  patient. 
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